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Section I 

WEATHER INSTRUMENTS 



Paragraph 

Instrument shelter 1 

Townsend support 2 

Thermometer 3 

Maximum thermometer 4 

Minimum thermometer 5 

Wet-bulb thermometer 6 

Thermograph 7 

Hygrograph 8 

Fortin-type mercury barometer 9 

Marine-type barometer 10 

Fixed-cistern barometer 11 

Barograph 12 

Microbarograph 13 

Eight-inch rain and snow gage 14 

Tipping-bucket rain gage 15 

Theodolite 16 

Plotting board ML-55 17 

Robinson 3-cup anemometer M L-80 18 

Magneto-generator anemometer 19 

Wind vane 20 

Cam collar 21 

Selsyn-type wind-direction indicator 22 

Nine-light wind-direction and velocity indicator 23 

Quadruple register 24 

Double register 25 

Ceiling light 26 



1. Instrument shelter. — a . Purpose . — The instrument shelter is 
used as a means of properly exposing the dry- and wet-bulb thermom- 
eters, the maximum thermometer, the minimum thermometer, the 
thermograph and the hygrograph. In the collection of data for 
scientific study, care must constantly be exercised to insure that only 
truly representative values are observed and recorded. In observing 
the temperature and humidity of the air during the conduct of a 
meteorological observation, we are not interested in measuring the 
temperature or the humidity of a mass of air that is confined in a 
hot room, or in a cold room, or of air that lies close to a surface of 
asphalt pavement on a hot summer day, or close to a snow covered 
surface. Such measurements would largely reflect the temperature 
and humidity values of the particular environment or the adjacent 
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surface covering, and would not be representative of an unconfined 
stratum of air that was free to be mixed thoroughly by its normal and 
usual motion. We are interested in measuring the temperature and 
humidity of such free air, i. e., air that is free to be mixed thoroughly 
and in a natural environment. At the same time, we wish to have 
the stratum of air in which we are to take the observations unaffected 
by conduct of heat to or from any body. It should be shielded from 
direct radiation from the sun, from radiation from ground surfaces 




and walls of buildings, and from sky radiation. The instrument 
shelter also serves a final purpose — to keep the instruments dry. 

b. Description and specifications . — Sketches of an instrument 
shelter, front and rear, are shown in figure 1. The shelter consists 
of a wooden box, with double roof, louvered sides, and a slotted floor. 
Such construction permits the air to move through it with the greatest 
possible freedom while, at the same time, the instruments are protected 
from snow and rain. To minimize the effects of radiation and conduc- 
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tion of heat, shelters are always made of wood and are painted white. 
Dimensional specifications of the instrument shelter are shown in 
figure 2. 

c. Installation. — (1) The shelter should be installed, whenever 
possible, over grass-covered ground and in an open area where free 




(5) Front view of support. ® End view of support. 

Figure 2. — Specifications of instrument shelter. 



air movement may be expected. The floor of the shelter should be 
approximately 4 feet above the ground. The location should be 
conveniently accessible to the observer. 

(2) If such a location as described above is not obtainable, the 

5 

Digitized by' Google 




TM 1-235 
1-2 



ARMY AIR FORCES 



shelter may be installed on the roof, or secured to the north wall of a 
building. When the shelter is to be mounted on the wall of a building, 
it should be held a few inches away from the wall by attaching the 
shelter to thick strips of wood which have been previously bolted to 
the wall. Such an arrangement will permit free circulation of air 
between the wall and the shelter. Such installations, however, should 
not be made on buildings that are subject to considerable vibrations, 
because of the tendency for such vibrations to displace the index of 
the minimum thermometer. 

(3) If the shelter is mounted over ground, the support legs must be 
bolted securely to buried timber members to insure against damage 
by high winds. Installations on the roof or wall of a building must 
likewise be made secure to prevent possible damage by high winds. 

(4) In all cases the position of the shelter must be such that the door 
opens to the north, in order to insure greatest possible protection from 
direct radiation from the sun during the time when the instrument 
shelter door must be open. 

d. Care . — About the only care necessary for proper maintenance of 
instrument shelters is to keep a clean coat of white paint over all 
surfaces, both outside and inside, maintain the inside free of dust by 
occasional dusting with a dry cloth, and inspect the mounting to insure 
that the shelter is secure against possible damage by strong wind force. 

2. Townsend support. — a. Purpose . — The Townsend support is 
used to provide a suitable mounting for the maximum and minimum 
thermometers as these are exposed within the instrument shelter. 
It also provides a means by which these two thermometers may be 
“set.” 

b. Description. — (1) Sketches of a Townsend support, front view 
and side view, are shown in figure 3. The support consists of a metal 
base plate % inch thick, 2 inches wide, and 3 inches high. Carriers 
for the minimum and maximum thermometers are attached to this 
base plate. 

(2) The carrier for the minimum thermometer is attached to the 
upper right side of the plate. This carrier consists of a frame, open 
at the left and right sides, into which the thermometer, with its metal 
back support, is placed so that the top and bottom lips of the frame 
hold the thermometer firmly as the setscrew is tightened from the 
back. This carrier is attached to the short projection stud, as shown 
in figure 3®, and through operation of the stop slot and stop pin can 
be rotated clockwise through approximately 90°. A small oil hole is 
provided near the base of the short projection stud, on the left side. 
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(3) The carrier for the maximum thermometer is attached to the 
lower left side of the plate. It is constructed in the same manner as 
the minimum- thermometer carrier and is attached to the long pro- 
jection stud. This stud has a small notch cut from its base, into which 
a small projection of the pawl fits. This is shown engaged in figure 
3®. The pawl is held in place by the pawl spring. A small oil hol<* 
is provided near the front of the long projection stud, on the right side. 

(4) Figure 3® shows the position of the two carriers for holding 
the maxim mil and minimum thermometers while these two instru- 
ments are in operation. Both thermometers are held in a nearly 
horizontal position with their bulb ends to the left. After the mini- 
mum thermometer has been read, this instrument is “set” by rotating 
the carrier and short projection stud clockwise as far as it will turn. 
The stop pin will permit rotation through only approximately 90°. 
This brings the bulb end uppermost and the instrument is thereb.y 
“sot”, as will be explained more fully in that paragraph which de- 
scribes the minimum thermometer. Then the carrier is rotated coun- 
terclockwise as far as the slot and pin will permit, and the instrument 
is then in its operating position. 

(5) In order to prepare the maximum thermometer for a reading, 
the bulb end must be lowered so that the instrument rests in a vertical 
position. To do this the lower end of the pawl is pulled to the right, 
against the pawl spring, until the small projection is freed from the 
notch in the base of the long projection stud. This long projection 
stud is now rotated slowly and carefully counterclockwise until the 
maximum thermometer rests in a vertical position with the bulb end 
at the bottom. After the reading has been made, this instrument is 
“set” by whirling it rapidly. There is no stop pin on the long pro- 
jection stud, so it is free to rotate through a full circle. After the 
maximum thermometer has been “set”, it is brought to the operating 
position by reengaging the pawl and the long projection stud. 

c. Installation . — The Townsend support is screwed firmly to the 
cross board of the instrument shelter, approximately in the middle. 
It should be mounted so that the long projection stud is at the bottom. 
The support properly installed, without the thermometers installed, is 
shown in figure 4. 

d. Care . — The Townsend support seldom develops any defects and 
it will require but little care. A small drop of nonfreezing oil should 
be placed in the oil holes of the two projection studs once a month. 
The long projection stud is subject to somewhat more wear, due to the 
necessity of rotating the maximum thermometer several times during 
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each observation, but it will seldom require any special care. How- 
ever, it is detachable in the event a replacement is necessary. 

3. Thermometer. — a. Purpose . — The thermometer referred to in 
this paragraph is the ordinary mercury-in -glass thermometer which is 




Figure 4.— Instrument shelter open. 



used in surface meteorological observations to determine the tempera- 
ture of the free air. 

b. Description . — Surface free-air temperature is usually measured by 
a mercury-in-glass thermometer (fig. 5) . 

(1) It consists of a glass stem, approximately 10 inches in length, 
through which runs a central channel, commonly called the bore. 
The glass stem is about 0.250 inch in diameter. The bore is elliptical 
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in shape with the major axis 0.0095 inch and the minor axis 0.0045 
inch. The bore opens into a cylindrical-shaped bulb. The outer 
diameter of the bulb is only slightly larger than that of the stem. The 
inner diameter of the bulb is 0. 148 inch. Two hundred and thirty-nine 
thousandths (0.239) cubic centimeter of mercury is sufficient for the 
standard thermometer used to measure surface free-air temperatures. 

(2) Graduations for each degree are placed both on the glass stem 
and on the aluminum support. For use in temperate climates, the 
graduations should read from —30° F. to 120° F. In hot climates an 
extension of the range up to 140° F. is necessary. Owing to the fact 
that mercury freezes at —39° F., the mercury thermometer is un- 
suitable for use in cold climates where temperatures of —39° F., and 
below, are expected. Instead, in such cold climates, thermometers 
filled with ethyl alcohol are used. These can be used for temperatures 




Figure o. — Mercury thermometer. 



down to —130° F., which is 40° F. below the lowest free-air tempera 
tu re ever recorded on the earth's surface. 

(3) Thermometers used for indicating current surface free-air 
temperature are always made with cylindrical bulbs because they are 
required to be quick acting and sensitive to the environment and 
medium in which they are exposed. A cylindrical-shaped bulb pro- 
vides a greater surface for a given mass of contained mercury than 
does a spherical shaped bulb and, hence, will adjust itself to the 
temperature of the air more quickly. 

(4) The top end of the stem is made with a small projection of glass 
on the rear side which fits into a hole near the top of the aluminum 
back and serves to hold the thermometer in proper position with 
respect to the aluminum support. Two small brass straps also servo 
to hold the thermometer to its support. Both the stem of the ther- 
mometer and the metal support are provided with degree graduations. 
If the thermometer proper remains correctly adjusted to the support, 
either set of graduations may be used in obtaining a reading. How- 
ever, due to the chance of slight displacements of the thermometer 
with respect to the aluminum support, it is always better practice to 
take a reading from the graduations of the stem. 

(5) It is customary to observe surface free-air temperatures to 0.10° 
F. To provide for such readings, the thermometer scale must be 
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sufficiently open. Approximately eighteen 1° divisions are contained 
within an inch. To assist further in accurate reading, a strip of white 
glass is provided the full length of the stem, on the rear side of the bore. 
This white glass serves as a good background against which the fine 
thread of mercury in the bore can be seen readily. Figure 6 represents 
a cross section of a thermometer stem and shows the relative position 




Figure 6. — Cross section of thermometer stem. 

of the white glass. In cross section, it appears as a crescent-shaped 
area. It can be seen readily that to realize the benefit of the white 
glass background, the observer must stand directly in front of the 
thermometer while making a reading. 

c. Reading. — (1) To accomplish surface free-air temperature read- 
ings accurately to the nearest 0.1° F., the observer must stand directly 
in front of the thermometer and adjust his position so that his line of 
sight is perpendicular to the stem of the thermometer at the top of 
the column of mercury. If his line of sight is not so adjusted, an error 
of parallax will be introduced which may amount to as much as 1° F. 




® Observer’s eye too low <$> Observer's eye too high / i) Observer’s eye in correct 

(reading 77.0°). (reading 80.0°). position (reading 78.4°). 

Figure 7. — Error of parallax. 



In figure 7® and®, the observer’s line of sight is not perpendicular 
to the column of mercury at the top of the column. Under conditions 
shown at ® the reading would be too low, while under conditions 
shown at © the reading would be too high. Figure 7® shows the 
correct relation of the line of sight to the thermometer stem for an 
accurate reading. 
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(2) Thermometers should be read as rapidly as possible, consistent 
with accuracy, in order to minimize effects of the proximity of the 
observer and of radiation from surrounding objects. 

(3) Due to difficulties encountered in the manufacturing of ther- 
mometers and inherent differences in the coefficients of expansion of 
mercury and of glass, thermometers are commonly found to show 
errors 4 in their readings at various points along the scale. The manu- 
facturer of a good thermometer always furnishes a table of corrections 
for each instrument. This table should be posted conveniently in the 
office of the weather station or placed inside the instrument shelter. 
Corrections for instrumental error must be applied to the mercury- 
in-glass thermometer, list'd for surface free-air temperature, whenever 
the temperature indicated by the thermometer is above 42° F. and 
the correction is plus or minus 0.3° or more, and whenever the indi- 
cated temperature is 42° F. or less. 

d. Installation . — The thermometer used for surface free-air tempera- 
ture readings is exposed in the instrument shelter, usually by hanging 
from a hook on the cross board. This thermometer is usually mounted 
on a combination aluminum back with the wet-bulb thermometer. 
Together, these two thermometers, with their associated provision for 
proper ventilation, make up what is called a psychrometer. The 
psychrometer will be discussed in a later paragraph. 

e . Care. — (1) The thermometer must always be kept so that no 
deposit of dust or any foreign matter is allowed to accumulate on the 
bulb. 

(2) During rain or snow storms which are accompanied by strong 
winds, sometimes the bulb of the thermometer will become wet, due 
to rain or snow having been driven through the louvered sides or 
through the slotted bottom of the instrument shelter. Also, if precipi- 
tation is occurring during the time that the instrument shelter door is 
open, the bulb of the thermometer may become wet. Presence of 
moisture on the bulb of the thermometer will cause it to indicate too 
low a temperature. If, for any reason, moisture is observed on the 
bulb, it should be wiped off carefully 10 or 15 minutes before a reading 
is taken. 

(3) The aluminum back upon which the thermometer proper is 
mounted will frequently be observed to be partially covered with 
numerous rough gray spots. Although this condition does not affect 
operation and use of the thermometer, it does give it an imsatisfactory 
appearance, and the metal back should be cleaned to remove these 
spots at intervals of about 3 months. These gray spots are caused bv 
oxidation of the aluminum. They can be removed readily by rubbing 
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with a soft cloth which has been soaked in a solution of sodium bi- 
carbonate (ordinary baking soda). Under no circumstances should 
abrasives or acid solutions be used to clean the aluminum backs. In 
order to prepare the backs for proper cleaning, the thermometer proper 
should be separated from the metal back by removing the two brass 
straps. With the thermometer removed, the back can be thoroughly 
cleaned without danger of injury to the thermometer. While the brass 
straps are removed, they should be polished with metal polish. Upon 
reassembly, the four brass screws, used for holding the two straps, 
should have a very small amount of light oil applied to their threads. 

*(4) The principal trouble which develops through use of the ther- 
mometer is that the black material which is imbedded in the gradua- 
tions on the aluminum back and on the stem drops out over different 
areas and thereby makes reading difficult. The graduations can be 
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Figure 8.— Maximum thermometer. 

renewed easily by application of a small quantity of artist’s black 
pigment (ivory black). To renew the graduations, the thermometer 
should be removed from its aluminum support. Both support and 
thermometer should be carefully cleaned and dried. The older re- 
maining pigment need not be removed. Then a small amount of fresh 
pigment, which is usually supplied in paste form, is placed on the 
stem and on the metal back. This can be applied readily by use 
of a match stick, rubbing up and down the full length of the stem 
and the metal back. Excess of pigment may be removed by rubbing 
over the parts of the thermometer lightly with soft tissue paper. 
The thermometer is nov r ready for reassembly on its mounting. 

4. Maximum thermometer. — a. Purpose. — The purpose of the 
maximum thermometer is to indicate the highest temperature occur- 
ring at the place of exposure between the time of last setting and 
the time of reading. 

6. Description. — (1) The maximum thermometer is usually a mer- 
cury-in-glass instrument. It consists of a stem and bulb, mounted 
on an aluminum back in a manner similar to that described under 
paragraph 3. (See fig. 8.) 

(2) About the only outward appearing difference between this 
instrument and the ordinary thermometer is that the maximum 
thermometer has a spherical bulb. There are other important dif- 
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ferences which will be discussed in detail later. A spherical bulb is 
permissible for the maximum thermometer because this instrument 
is not required to be quick acting and sensitive to small changes in 
the temperature of the air. On the other hand, a relatively large 
volume of mercury is desirable. These features are both provided by 
the spherical bulb. 

(3) The bore of the maximum thermometer is elliptical in shape 
and has the same dimensions as the bore of the ordinary mercury-in- 
glass thermometer. The bulb has an outside diameter of 0.432 inch, 
and an inside diameter of 0.428 inch. Approximately 0.60 cubic 
centimeter of mercury is used in this thermometer. A strip of white 
glass is provided in the stem of the maximum thermometer in the 
same manner as that described for the ordinary mercury-in-glass 
thermometer. Maximum thermometers are filled with mercury at a 
temperature nearly equal to the highest the given instrument can 

Figure 9. — Constriction in bore of maximum thermometer. 

experience so that the space above the column at lower temperatures 
may be free of air. 

(4) The principal structural feature of the maximum thermometer, 
which permits it to perform its function of indicating the highest 
temperature between times of setting and reading, is a constriction 
in the bore which is placed about seven-eights inch above the bulb. 
Upon close inspection this constriction can be seen plainly with 
the narked eye. As the temperature rises, the mercury in the bulb 
expands and is forced to move along the bore to the constriction. 
Further expansion forces the mercury into the constriction and to 
that part where the channel is narrowest. This is shown in figure 10® . 
At this point in the constricture, where the radius of curvature is 
smallest, cohesive forces within the mercury are greatest, and the 
result is that a small globule of mercury separates itself from the 
main body, which is in the stem and bulb below the constriction, and 
moves into the area above the constriction in a sudden, quick spurt. 
The position of a separated globule is shown by figure 10®. Con- 
tinued expansion of the mercury in the bulb will result in a succession 
of separating globules which are forced up to join the main column in 
the upper bore. A close inspection of this part of the thermometer 
during a period of rising temperature will show this process of opera- 
tion plainly visible to the naked eye. Thus with increasing tem- 
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perature some of the mercury is forced through the constriction to 
join the thread of mercury in the main part of the bore. As the 
temperature lowers, the mercury below the constriction, contracting 
as it cools, withdraws toward the bulb, but none of the mercury 
above the constriction can return. The length of the thread of 
mercury above the constriction remains the same as it was when 
the bulb was warmest. In this manner the maximum temperature 
is indicated at a reading made at any later time prior to occurrence 
of a higher temperature. 

(5) If the thermometer is held in a horizontal position and then 
alternately tilted, first with the bulb end higher than the stem, then 
with the bulb lower than the stem, it will be observed that the thread 
of mercury may be made to flow to either end of the tube. But the 
length of this thread of mercury remains the same unless we drop the 

(D ® 

Figure in.— Mercury passing through the constriction. 

bulb end down suddenly. If this should happen, the weight of the 
mercury in the stem, together with the centrifugal force created by 
the quick motion of the bulb downward, will cause some of the mercury 
in the stem to be forced downward through the constriction, thus 
altering the length of the thread of mercury. Therefore, if we are to 
secure a reliable reading of maximum temperature, the thermometer 
must be handled carefully. 

c. Installation . — The maximum thermometer is exposed in the in- 
strument shelter and is mounted in the maximum-thermometer carrier 
of the Townsend support. This carrier, as shown in figure 3, is 
mounted on the long projection stud. The thermometer should be 
clamped into its carrier just below the upper brass strap, with the bulb 
end to the left. Figure 11 shows the maximum thermometer properly 
mounted on the Townsend support. Note that the bulb end rests 
about 5 degrees above the horizontal. It is mounted with the bulb 
end slightly elevated in order to insure that no part of the mercury 
that has once been forced through the constriction, and into the bore 
above, can return to the bulb upon a lowering of the temperature and 
before the thermometer is set. 

' d. Reading . — The maximum thermometer must be lowered care- 
fully to a vertical position, with the bulb end downward, before read- 
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ing. The reading is then taken from the top of the mercury column 
in the stem, recording the value to the nearest 0.1° F. If the ther- 
mometer is not lowered carefully, but allowed to fall suddenly to a 
vertical position, some of the mercury will be forced from the bore of 
the stem through the constriction, and the reading will be too low. 
In order to prepare this instrument properly for reading, both hands 
should be used. Lightly grasp the aluminum back, about midway 
along its length, between the thumb and first two fingers of the left 
hand. Then release the pawl with the right hand, and lower the 
thermometer carefully to a vertical position with the left hand. 
Greater care must be used during periods of high maximum tempera- 
tures because of the greater weight of the long column of mercury. 




e. Setting . — After the reading and recording of maximum tempera- 
ture, the instrument must be prepared for the operation of indicating 
the highest intervening temperature between the time of current read- 
ing and the next reading to be taken. This preparation of the maxi- 
mum thermometer is called “setting” it. Under paragraph 2b , it 
was explained that the carrier for the maximum thermometer was 
fixed to the long projection stud of the Townsend support and that 
this stud was free to rotate through a complete circle. To “set” this 
thermometer, place a finger or pencil along the left side of the ther- 
mometer scale near the top, and impart to it a rapid clockwise rotation. 
Allow the thermometer to whirl until it comes to rest itself. Do not 
try to stop it while whirling. Repeat the whirling, if necessary, until 
the column of mercury in the stem has been forced down as far as it will 
go. When setting is complete, the top of the mercury column should 
read the same as in the dry-bulb thermometer, within the limits of 
instrumental errors of the instruments concerned. Next, engage the 
pawl and carefully elevate the bulb end of the thermometer until the 
pawl catches and holds the carrier. The thermometer is now “set” 
and ready to indicate the ensuing maximum temperature. 
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/. Care. — (1) Methods of cleaning the metal back of the maximum 
thermometer and renewing the graduations are the same as described 
in paragraph 3e(3) and (4) for the dry-bulb thermometer. 

(2) The space in the bore of the tube not occupied by mercury is a 
vacuum. If mercury does not rest upon the constriction before the 
operation of whirling is started, incident to “setting”, the violent 
throw-down of mercury may fracture the constriction and leave it 
much larger than it should be. When such internal fracture has oc- 
curred, it will be apparent as an iridescent patch in the neighborhood 
of the constriction when the thermometer is examined in reflected 
light. The instrument is then defective and is said to be a “retreater.” 
The constriction is now so large that, as the temperature lowers, some 
of the mercury from the bore above will retreat through the constric- 
tion into the bulb. Also, even with careful lowering of the instrument 
prior to reading, a “retreater” will permit some of the mercury in the 
upper stem to pass through the constriction. Obviously, accurate 
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Figure 12. — Minimum thermometer. 



maximum temperatures cannot be obtained from such instruments. 
As soon as a “retreater” is discovered, it should be replaced with a 
serviceable instrument. 

5. Minimum thermometer. — a. Purpose . — The purpose of the 
minimum thermometer is to indicate the lowest temperature occurring 
at the place of exposure between the time of last setting and the time 
of reading. 

b . Description. — (1) The minimum thermometer is an alcohol-in- 
glass thermometer. It consists of a stem and bulb, mounted on an 
aluminum back in a manner similar to that previously described for 
the dry-bulb thermometer and for the maximum thermometer. A 
sketch of a minimum thermometer is shown in figure 12. This ther- 
mometer employs the use of uncolored ethyl alcohol instead of 
mercury. It has a spherical bulb as does the maximum thermometer. 

(2) In the construction of minimum thermometers, the upper part 
of the bore is filled with air under pressure. The purpose of air pres- 
sure in the upper part of the bore is to prevent evaporation of the 
alcohol and formation of alcohol vapor which would later condense 
and form detached segments of alcohol, thus rendering the instrument 
unserviceable. If part of the alcohol from the bulb and lower part of 
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the bore were permitted to evaporate, the readings obtained would be 
too low. This will be explained later. 

(3) Figure 13 shows a cross section of the stem of a minimum 
thermometer. The bore of this thermometer is a circular disk in 
cross section, 0.021 inch in diameter. This is considerably larger 
than the bore of the maximum or ordinary mercury-in -glass thermom- 
eter. This is necessary to provide space for the glass index. The 
bore of the minimum thermometer is terminated, at its upper end, in 




Figure 13.— Cross section of stem of minimum thermometer. 

an enlarged space, somewhat pear-shaped. As the temperature rises, 
not only does the pressure of the air increase due to its higher tempera- 
ture, but the alcohol rises in the bore, reducing the space available to 
the air and thereby increasing its pressure. The comparatively large 
volume of this enlarged space at the top of the stem permits volume 
decrease, due to movement of the alcohol upward through the relatively 
small bore, without undue increase in the internal pressure. The 
decrease in air space through the bore is so small when compared to 




Figure 14. — Section of stem of minimum thermometer. 



the total volume, including the pear-shaped space, that the increase 
in pressure is not injurious to the instrument. 

(4) An important feature of the minimum thermometer is the col- 
ored glass index, which is shown in the upper part of the stem in 
figure 12. Figure 14 is an enlarged drawing of a section of the stem of 
a minimum thermometer, showing the bore, the meniscus of the alcohol 
column and the index. The index is a dumbbell-shaped piece of black 
glass, about nine-sixteenths inch in length, or about long enough to 
extend over 10° divisions of the thermometer scale. The index is 
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made in this particular form so that it will provide a relatively large 
surface of contact with the surface of the alcohol column, while at the 
same time the main shaft of the index is very small, thus making the 
mass as small as possible. The index rests on the bottom of the bore 
on only the lower surfaces of the two rounded ends, thereby reducing 
friction incident to its motion along the bore to a minimum. In the 
operating position, this thermometer always rests in a horizontal 
position, with the bulb end to the left. As the temperature increases, 
the alcohol expands and flows around the index, without disturbing 
it. In figure 14, the top of the alcohol column is shown some dis- 
tance to the right of the index. 

(5) Figure 15 shows the alcohol having retreated toward the left, 
with a decrease in temperature, until the top surface of the column is 
just touching the right-hand end of the index. Any further cooling 
will cause the alcohol to move farther to the left. As this occurs, 




Figure 15. — Section of stem of minimum thermometer. 



cohesion of the alcohol molecules on the top surface prevents the index 
breaking through this surface of the alcohol, and it is thereby drawn 
to the left along with the alcohol. As long as the temperature con- 
tinues to decrease, the index will continue to be displaced to the left. 
After the lowest temperature has been reached, the alcohol will begin 
again to flow to the right but will leave the index resting at its farthest 
point of displacement to the left, which is toward the bulb end of the 
instrument and lower indicated temperatures. The top of the alcohol 
column always indicates the current temperature, so the right-hand 
end of the index should indicate the lowest temperature experienced 
by the instrument between the times of last setting and of reading. 
Approximately 0.62 cubic centimeter of alcohol is used in a minimum 
thermometer of this type. 

c. Installation . — The minimum thermometer is exposed in the in- 
strument shelter and is mounted in the minimum-thermometer car- 
rier of the Townsend support. This carrier, as shown in figure 3, 
is mounted on the short projection stud. The thermometer should 
be clamped into its carrier about midway along the aluminum back 
support, with the bulb end to the left. Figure 16 shows the minimum 



19 



Digitized by AjOOQle 




TM 1-235 
5 



ARMY AIR FORCES 



thermometer properly mounted on the Townsend support. When 
in set position the thermometer is placed with the bulb end about 5° 
below the horizontal. 

d. Reading . — The minimum thermometer is read while it is in the 
set or nearly horizontal position. The reading is taken from the 
position of the right-hand end of the index, recording the value to the 
nearest 0.10° Fahrenheit. 

e. Setting. — (1) After a reading and recording of minimum temper- 
ature, the instrument must be prepared for the operation of indicat- 
ing the lowest intervening temperature between the time of the cur- 
rent reading and the next reading to be taken. This preparation of 
the minimum thermometer is called “setting” it. Under paragraph 2 
b y it was explained that the carrier for the minimum thermometer 
was fixed to the short projection stud of the Townsend support, and 




that this stud can be rotated so as to bring the minimum thermometer 
from its nearly horizontal (operating) position, clockwise through 90° 
to a vertical position with the bulb end uppermost. 

(2) Figure 17 shows the minimum thermometer in the inverted 
position. The stop pin on the short projection stud of the Townsend 
support prevents the instrument being rotated farther than to the 
inverted position. In this position the index falls, due to its own 
weight, to the head of the alcohol column. The surface tension of 
the alcohol prevents the index penetrating the surface. The instru- 
ment is next rotated counterclockwise to the horizontal position, and 
the operation of “setting” is completed. 

/. Care. — (1) Methods of cleaning the metal back of the minimum 
thermometer and renewing the graduations are the same as described 
in paragraph 36(3) and (4) for the dry-bulb thermometer. 

(2) Minimum thermometers often become temporarily unservice- 
able, due to the alcohol in the bore of the stem becoming separated 
into several short, detached segments. This separation may occur 
as the result of exceptionally rough handling in shipment, or due to 
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distillation of alcohol from the lower part of the bore and its collection 
in segments in the upper part. If the defect occurs as a result of 
excessive jarring, such as might take place in shipment, it is usually 
found that the alcohol column is broken into several short segments 
through most of the length of the bore. Such a condition is shown 
in figure 18. In this figure it is to be noted that the index has been 
caught and held by two segments of alcohol. This represents the 
most complete separation of the column and is the most difficult 
condition to correct. 

(a) The first step in the operation of bringing such a thermometer 
again to a serviceable condition is to get the index into the bulb. 
The most effective means of doing this is to hold the thermometer 
lightly between the thumb and fingers and strike the lower end of 




Figure 19.— Dislodging index of minimum thermometer from detached segments of alcohol column. 

the metal back support against the top of a table or other firm object’ 
as shown in figure 19. It is well to interpose one or two thicknesses 
of cloth or several folds of paper so that the impact will not produce 
too severe a shock upon the thermometer. The striking should be 
made lightly at first and the thermometer examined to see if the 
index has not moved along the tube even a little distance, as can be 
determined by noting its exact position in reference to the graduations 
of the tube. If several operations fail to move the index, gradually 
increase the force with which the thermometer strikes the table, 
until the index is dislodged and enters the continuous column. From 
this position it will fall of its own weight into the bulb. 

(6) Incident to efforts to dislodge the index as just described, most 
of the detached segments of alcohol will also have been partly or 
wholly united. If the column is still broken in places, the observer 
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should try a few more taps and examine quickly in a very careful 
manner. Small portions of the alcohol will generally be seen slowly 
moving along the sides of the tube toward the main column, and a 
continuation of the taps will unite all the segments to the column. 
In some cases 15 or 20 minutes may be required to unite broken 
columns completely. If, however, the index cannot be made to move 
with quite hard striking, or the segments cannot be united, it is advis- 
able to try some of the methods described below, being careful always 
to avoid continuing any process so long or so forcefully as to endanger 
breaking the thermometer. 

(c) If the minimum thermometer is found to have only a small 
number of small segments in the upper part of the bore, this condi- 




Figure 20.— Reuniting segments of alcohol column of minimum thermometer. % 

tion is probably due to distillation of some of the alcohol from the 
main column. In such cases, the index is usually not held within or 
between segments and the condition is more easily corrected. One 
method of uniting such small detached portions of the column is to 
grasp the thermometer securely a little below the middle, with the 
bulb end down, and strike the edge of the metal back, opposite the 
broken column, sharply against the fleshy portion of the palm of the 
other hand, or if necessary, against a small block of wood held in the 
hand. A continued jarring in this way often causes the alcohol to 
run down, though in many cases a large number of taps are necessary. 
Here, again, care must be exercised not to strike too hard, and to hold 
the thermometer by the metal back in such a manner as not to squeeze 
or press against the stem of the thermometer itself. 
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(< d ) Another method of unitipg segments of the alcohol column is to 
grasp the thermometer a little above the middle, clasping the fingers 
and hand firmly against the edges of the metal back, but not so as to 
bring any pressure upon the glass tube, which should be turned toward 
the observer and with the bulb uppermost, as shown in figure 21. 
With the thermometer in this position and about as high as the head, 
and the arm free from the body, quickly lower the arm and hand 
through an arc of three or four feet, stopping the motion suddenly. 
Centrifugal force thereby developed will often be found to reunite 
segments of alcohol to the main column. - This method is also some- 
times effective in forcing the index into the bulb. 




Figure 21. — Reuniting segments of alcohol column of minimum thermometer by centrifugal force. 

( e ) If none of the above methods is successful in forcing the index 
into the bulb and reuniting the segments of the alcohol column, the 
thermometer should be replaced by a serviceable instrument. 

6. Wet-bulb thermometer. — a . Purpose . — The wet-bulb ther- 
mometer is employed, in connection with the ordinary or dry-bulb 
thermometer, to provide a measurement of the water vapor content of 
the air. From readings of the dry- and wet-bulb thermometers, and a 
knowledge of the atmospheric pressure, such reduced values as dew 
point, relative humidity, mixing ratio, specific humidity and vapor 
pressure may be computed. 



24 



Digitized by 



Google 




THE WEATHER OBSERVER 



TM 1-235 
6 



b. Description. — (1) The wet-bulb thermometer is exactly similar 
to the ordinary thermometer, or dry-bulb thermometer, referred to in 
paragraph 3, except that the bulb is covered with a tightly fitting cloth 
cover. The cloth cover consists of white muslin, washed free of all 
sizing or starch. It is just long enough to extend about a quarter of 
an inch above and below the bulb of the thermometer. In its other 
dimension it is wide enough to wrap around the bulb once, only, and 
with about a one-third wrap overlap. Thus, for the ordinary sized 
hulb, the piece of muslin should be % inch by 1 }i inches. 

(2) When placing the cloth covering about the bulb it is best to wet 
the muslin first. This will permit it to be wrapped tightly about the 
bulb, and also it will adhere to the glass while the operation of tying 
at the upper and lower ends is completed. First place the thermometer 
on a flat surface, such as a book, with the bulb end of the ther- 
mometer extending over one edge of the book, as shown in figure 23®. 
Place the wet muslin, cut to proper size, under the bulb, with approxi- 
mately one-quarter inch extending above and below the bulb, as 



Fi(.i kk 22. -Wet-bulb thermometer. 

shown in figure 23®. Wrap the muslin tightly about the bulb, being 
careful to leave the proper amount of cloth above' and below the bulb. 
This condition is shown in figure 23®. With a short piece of fine, 
strong white thread, tie the cloth about the narrow part of the stem, 
immediately above the bulb, as shown in figure 23®. Next, loop 
another piece of thread about the lower end of the bulb, as shown in 
®, making certain that the thread is about one-quarter inch to one- 
eighth inch above the lower end of the bulb. Tighten the thread, as 
shown in ®. Further tightening of the knot will cause the loop of 
thread to slip slowly downward over the rounded lower end of the bulb 
while, at the same time, holding and tightening the cloth snugly to 
the bulb. Figure 22® shows the lower knot just about to start 
slipping over the rounded end of the bulb, while ® shows the knot 
completely tightened. Finish the knot and trim off the excess thread. 
The completed covering is shown in ®. 

(3) Sometimes long tubes of wicking are furnished for wet-bulb 
coverings. When these* are used, it is necessary only to cut off the 
proper length and tie above and below the bulb as previously described. 
This wicking is not as satisfactory as the flat piece of muslin because 
sizes of thermometer bulbs vary considerably and it is, therefore, 
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Figukk 23. — Placing new muslin cover on wet-bulb thermometer. 
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sometimes impossible to make the wicking tube fit as snugly to the 
bulb as is desired. 

c. Installation. — (1) The wet-bulb thermometer is installed in the 
instrument shelter and is usually mounted, in some manner, with the 
ordinary or dry-bulb thermometer. When mounted together, the 
arrangement of these two thermometers is called a psychrometer. 
The most easily portable and common type of mounting for dry- and 
wet-bulb thermometers is that shown in figure 24. This arrangement 
of the two thermometers is called the sling psychrometer. Note that 
the wet-bulb thermometer is mounted in such a manner on the 
common aluminum back that its bulb extends some distance below 
that of the dry-bulb thermometer. The instrument is supported in 




Figure 24.— Sling psychrometer. 

the instrument shelter by hanging from a nail or hook placed in the 
right side of the vertical support of the cross board. 

(2) A whirling psychrometer is shown in figure 25. In this arrange- 
ment, the two thermometers are whirled and ventilated by operation 
of the crank shown in the drawing. This type of psychrometer has 
the disadvantage that the operation of whirling the instrument causes 
vibrations of the other instruments mounted in the shelter, thereby 
affecting their operation. 

(3) Sometimes the dry- and wet-bulb thermometers are ventilated 
by a fan mounted in the lower right inside of the instrument shelter 
and operated by a crank which extends through the right side of the 
shelter. Such an installation is shown in figure 26. This type is 
subject to the same objection as that offered for the whirling psy- 
chrometer, due to vibration caused by operating the crank to turn 
the fan. 

(4) The sling psychrometer has the objection that it must be whirled 
outside the instrument shelter, and therefore subjects both ther- 
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Figure 25 . — Whirling psychrometer. 
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mometers to the effect of radiation. Also, during periods of precipi- 
tation, the operation of the sling psychrometcr can hardly be pro- 
tected to the extent that some snow or rain will not collect on the 
dry thermometer, thereby affecting the indicated air temperature by 
causing it to act as a wet bulb and indicate a lower than true temper- 
ature. However, by judicious and careful employment of the sling 
psychrometer, these disadvantages can be greatly minimized, and the 
portability of this type greatly outweighs its disadvantages. The sling 
psychrometer is used at nearly all Army Air Forces weather stations. 

d. Reading. — (1) The w^et-bulb thermometer is prepared for reading 
by wetting the cloth-covered bulb in clean water and then ventilating 




Fig r re 26 . — Fan- ventilated psyeliromoter. 



the instrument. Evaporation of water from the cloth covering is ac- 
complished by heat which is withdrawn from the air immediately 
surrounding the thermometer bulb. Thus, as soon as evaporation 
starts, this thermometer will begin to show a lower temperature. The 
reading of this thermometer will continue to show a lower and lower 
temperature as long as the rate of evaporation from the wet bulb is 
increasing. When the rate of evaporation is greatest, the wet-bulb 
thermometer will show its lowest reading. This is the reading that 
should be recorded. Obviously, with the indicated reading changing 
as it does, in order to insure that the lowest reading is recorded several 
observations of this thermometer must be made. After the cloth 
covering has been wet, the instrument should be ventilated by wliat- 
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ever means are available. If a sling psychrometer is used, the ob- 
server whirls this instrument while standing with his back to the sun. 
After about 15 seconds of whirling, he reads the wet-bulb thermometer, 
being careful to hold the instrument in the shade of his body but not 
so close as to allow body heat to affect the reading. This reading is 
noted but not recorded. The whirling is continued and another read- 
ing is noted after about 10 seconds. If the reading is dropping rapidly, 
readings can be continued at intervals of 10 seconds. When succeeding 
readings become separated by only a degree, or less, they should be 
made at intervals not longer than 5 seconds. Finally, when continued 
ventilation causes no further lowering of indicated temperature from 
the wet-bulb thermometer, the lowest reading is recorded. All readings 
are made to the nearest 0.1° Fahrenheit. 

(2) During freezing weather, the cloth covering of the bulb should 
be wetted 10 or 15 minutes prior to the scheduled time for observation. 
The reason for this precaution is that the water will freeze and thereby 
release the heat of fusion which will cause the reading to be too high. 
After about 10 minutes, this heat of fusion will have been lost by radia- 
tion. The thermometer may then be ventilated and evaporation from 
the ice on the cloth covering of the bulb will give a true reading. 

(3) During conditions of high air temperature and low , moisture 
content, special care must be used to insure that the cloth covering 
of the bulb does not become dry before the lowest possible wet-bulb 
temperature is reached. To guard against this, the cloth covering 
should be thoroughly wetted about 5 minutes before ventilation is 
started. In this manner, some lowering of the temperature will take 
place before the whirling is started. Then thoroughly wet the cover- 
ing again and start the ventilation. 

(4) If the air is saturated, a condition of 100 percent relative hu- 
midity exists, no evaporation from the wet bulb can occur, and the 
reading of this thermometer must be exactly the same as that of the 
dry-bulb thermometer. If the air is not saturated, the wet-bulb ther- 
mometer reading must always be lower than that of the dry-bulb. 

e. Care. — (1) Cleaning of the metal back of the wet-bulb ther- 
mometer and renewing of the graduations on the metal back and on 
the stem are accomplished in the same manner as that described for 
the ordinary, or dry-bulb thermometer in paragraph Se (3) and (4). 

(2) Many wet-bulb thermometers are broken as a result of care- 
lessness in the operation of whirling the psychrometer. The damage 
usually occurs as a result of the psychrometer being whirled along- 
side of the body instead of in front of the observer where it can be 
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seen at all times. Figure 27 shows correct and incorrect methods of 
whirling the psychrometer. 

(3) The small brass straps which hold the dry- and wet-bulb ther- 
mometers to the metal back support should be inspected frequently 
and kept securely fastened. If one or more of these straps becomes 
loose, the thermometer is liable to be thrown free and broken as 
the whirling is started. 

(4) The cloth covering of the bulb must be replaced as often as 
necessary to maintain a covering that is free from dust and other 
foreign matter. No fixed time interval between renewals can be 




© Incorrect. ® Correct. 

Figure 27.— Whirling the sling psychrometer. 



stated, as this is dependent upon the locality. At some stations 
near industrial areas, where a great amount of smoke and minute 
suspended oil droplets are present in the air, the cloth covering should 
be changed about once each week. In other areas the covering may 
remain reasonably clean for a period of 2 or 3 weeks. In no case 
should a covering for a wet-bulb thermometer be continued in use 
for longer than 1 month. 

(5) Water for use on the wet-bulb thermometer must be clean. 
Preferably it should be distilled water or rain water, and so free of 
all mineral matter. It should be kept in a small wide-necked and 
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stoppered bottle. During freezing weather, this water supply must 
be removed from the instrument shelter and kept inside at non- 
freezing temperatures. 

7. Thermograph. — a. Purpose . — The thermograph is used to 
secure a continuous and automatic registration of temperatures. 

6. Description . — (1) General . — Figure 28 shows a sketch of a thermo- 
graph, with its cover case removed. Principal parts and features of 
this instrument have been labeled. Detailed drawings of each part 
will follow. The actuating element of this thermograph is a closed 
curved tube of oblong cross section, which is filled with alcohol. 
This part of the instrument is known as the Bourdon tube. As the 
temperature changes, the change in volume of the liquid causes the 
curvature of the tube to be modified. By having one end of the tube 
fixed in position, while connecting the free end, through a system of 
linkages, to a tracing point, a continuous record of temperature 
changes and values is recorded on a moving surface. As the tempera- 
ture increases, the Bourdon tube assumes a shape of larger radius of 
curvature. Since the right end of the tube is fixed, change in the 
radius of curvature means that the left, or free, end of the tube is 
lowered. An examination of the linkage connection to the pen arm 
shows that as the free end of the Bourdon tube is lowered, the pen 
arm, with tracing point, is moved upward, thereby recording a higher 
temperature. Conversely, as temperature decreases, the volume of 
the alcohol decreases and the tube assumes an arc shape of smaller 
radius of curvature. Thus the free end of the Bourdon tube rises and 
the pen arm and pen fall, thereby recording the lower temperature. 

(2) Clock unit. — (a) The clock unit consists of a jeweled clock 
movement housed in a brass cylinder, the latter serving as a drum 
upon which the chart for receiving the temperature record is placed. 
Figure 29 shows several views of the clock unit. The clock construc- 
tion is designed for outside use under changing and extreme weather 
conditions. 

(6) Figure 29® shows a side view of the clock housing cylinder. 
Charts for receiving the temperature record are placed around this 
cylinder, with the bottom edge of the chart snugly fitted along the 
bottom flange. The spring clip shown in this drawing holds the two 
ends of the chart. 

(c) Figure 29® shows a top view of the clock unit. The key for 
winding the clock is shown on the left while the regulator is shown 
on the right. In the older thermographs a knurled-headed screw 
was used to fasten the clock to the clock shaft. This no longer appears 
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in the newer instruments. In order to remove the clock housing it 
is now necessary only to lift the entire clock unit upward far enough 
to free the unit from the clock shaft. 

(d) Figure 29© shows a bottom view of the clock unit. Through 
the center is seen the aperture for the main clock shaft. (This main 
shaft is fastened to the base frame by a wing nut.) To the left and 
right of this aperture are shown shafts for the daily and weekly gear 
pinions, respectively. If it is desired that the cylinder rotate weekly 
the appropriate clock pinion is adjusted to the clock shaft and the 
proper gear pinion is fastened to the weekly gear shaft. Weekly 
pinions have the number “176” stamped on each, the number indi- 
cating the total number of hours required for a complete rotation of 




Figure 30. — Thermograph pen. 



the cylinder. If it is desired that the cylinder rotate daily, another 
set of gear pinions is provided. Daily pinions have the number “29” 
stamped on the face of each. Normally, the thermograph is operated 
with one rotation of the cylinder each week. The extra gear pinions 
are kept in the compartment for auxiliary gears. This compartment 
is shown near the rear of the base stand in figure 28. 

(3) Pen . — (a) The recording pen used on the thermograph is shown 
by the drawings of figure 30. This pen is made of nickel-silver. 
Top, side, and front views are shown in figure 30. The pen is adjusted 
to the pen arm by sliding it on so that the tip of the pen arm rests 
under the front and rear clamps of the pen, as shown in figure 30®. 
Usually there is a shoulder on the pen arm which prevents the pen 
being placed too far back on the arm. The clamps can be used to 
hold the pen firmly and to adjust the position of the pen so that the 
over-all length of the pen arm is proper. 
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(6) A front view of the pen barrel is shown in figure 30®. This 
barrel is partially filled with a special ink which contains a percentage 
of alcohol and glycerin to assure that it will remain liquid under 
conditions of low temperature. The flow of ink takes place from the 
reservoir of the barrel between the leaves of the barrel by capillarity 
as in any other pen. In order to start the flow of ink it is frequently 
necessary to run a piece of hard bond paper, of about chart thickness, 
between the leaves of the barrel. 

(4) Pen arm . — (a) The pen arm of the thermograph is shown by the 
drawing of figure 31. The pen fits onto the spiked end of the pen 
arm, firmly against the shoulder. The length of the effective pen arm 
is important if the instrument is to record temperature values without 
error. The chart for receiving the record is designed, and other adjust- 
ments of the instrument are arranged, for best performance of the 

S/tou/cfer 



Figure 31. — Thermograph pen arm. 

instrument when the length of the pen arm from the tip of the spiked 
end to the center of the horizontal axis is 14 centimeters, or 5.51 
inches. 

( b ) The pen-arm carriage is held to the horizontal axis by the set- 
screw. This carriage is so fitted to the horizontal axis that the up- 
right plane of the pen arm is tilted a few degrees inward at the top so 
as to throw the pen positively against the chart. The constant- 
pressure bearings insure proper pressure of the pen against the chart 
at all times. In the older thermographs an adjusting screw is provided 
near the base end of the pen arm for the purpose of adjusting the pen 
pressure to the proper value. 

(c) The pen arm always rests outside the shift rod. During the 
process of changing charts, the shift-rod lever is used to lift the pen 
from the chart and far enough away from the drum to prevent damage 
while the sheet is being changed. When the pen is lifted from the chart 
the pen-arm stop prevents the arm swinging outward far enough to 
interfere with the observer while working on the instrument. 

(5) Lever-length adjustment . — In addition to the provision for adjust- 
ing the length of the pen arm by a slight change in the position of the 
pen, the effective length of the lever can be modified by changing the 
position of the fulcrum. The horizontal axis and fulcrum assembly 
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are shown by the drawing of figure 32. The fulcrum, as shown in 
figure 32, can be adjusted in position by shifting to the right or left. 
It is held in position on the rod which extends to the right from the 
rear end of the horizontal axis. This rod is square in cross section 
throughout the greater part of its length, but has an interrupted thread 
cut into it on the right half of its length. The fulcrum is held in posi- 
tion on this rod both by the spring and the setscrew. If it is desired 
to shorten the effective pen arm, the fulcrum is moved to the left. 
To do this, it is only necessary to loosen the setscrew and turn the 




adjusting screw clockwise. After adjustment is completed, the set- 
screw is again tightened. If the pen arm is to be lengthened, the ful- 
crum is moved to the right. The attachment to the linkage which 
leads to the free end of the Bourdon tube is also shown in figure 32, 
as well as the two bearings on the ends of the horizontal axis. 

(6) Bourdon tube . — The Bourdon tube is the actuating element of 
the thermograph. A drawing of this part is shown in figure 33. It 
consists of a phosphor-bronze, closed, bent tube, one end of which is 
fixed to the frame while the other end is attached, by several linkages, 
to the pen arm. The tube is oblong in cross section. It is filled with 
alcohol, and is located outside the instrument case for ventilation and 
free exposure. It is usually furnished with a highly polished gold- 
plated surface to minimize the effects of radiation. Its curvature 
and, therefore, the indicated temperature can be changed by use of the 
temperature adjusting screw. The reading of the thermograph is al- 
ways adjusted to the reading of the dry-bulb thermometer at the time 
of changing record sheets and at other times when the error of the 
thermograph becomes too large. 

c. Installation . — The thermograph is installed in the instrument 
shelter. It must be so placed that there will be no interference be- 
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tween it and the other instruments, such as the maximum and mini- 
mum thermometers and the psychrometer. At the same time the 
several thermometer bulbs should be placed as near together as is 
convenient. 

d. Reading . — The thermograph is always read to the nearest Ko° 
Fahrenheit. 

e . Care. — (1) Clock unit . — (a) The clock provided with the thermo- 
graph is designed for out-of-door use under changing and extreme 
weather conditions. It must not be taken out of the metal drum in 
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( 2 ) View 

Figure 33— Bourdon tube. 

which it is mounted. When actually in need of repairs, cleaning and 
regulating, the work should be done only by an expert watch or 
clock repairman. 

(6) Whenever a clock stops during a period of extremely cold wea- 
ther, it may not indicate any real inherent defect, nor need of cleaning, 
but rather a stiffening of the lubricating oil that has been used in the 
delicate bearings. Under such conditions the instrument should be 
taken inside temporarily, to a temperature above freezing. Further 
effort should be made to start the clock by carefully giving it a rotating 
motion about its axis. 

(c) Clock stoppage can sometimes be traced to undue friction be- 
tween the clock gear and the daily or weekly pinion. In order to 
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correct the condition, lift the clock from the shaft. Slightly loosen 
the three peripheral screws which attach the interior clock mechanism 
to the clock base. It will be noted that the pinion shaft can now be 
shifted somewhat. Shift it to a position where no friction occurs 
at any point of an entire revolution, and hold this setting by tighten- 
ing the three screws previously noted. 

( d) The clock should be wound once a week, preferably at the time 
of changing the sheet. The clock should be wound completely. 

(2) Thermograph time error . — In order to insure that the thermo- 
graph is operating on correct time, it is necessary that at each time 
of changing the record chart, the instrument be started with a zero 
time error. To do this, the observer should make the major adjust- 
ment for time as he lowers the cylinder and clock housing over the 
clock shaft, and before the clock gear is engaged. The next step is 
to turn the cylinder forcibly on its axis until the pen falls just a trifle 
to the right of the correct time as shown on the chart. Next touch 



Figure 34.— Thermograph traces. 

the top edge of the cylinder lightly with the finger tip and draw it 
off in a manner that will move the cylinder gently in the direction 
opposite to that in which it revolves. This latter operation will 
take up the lost motion, and the pen point should then indicate the 
correct time. If the pen does not rest on the correct time, the opera- 
tion should be repeated until an exact adjustment is made. 

(3) Pen . — (a) To insure good and accurate traces, the pressure of 
the pen on the record sheet must be very light. The constant-pres- 
sure pen arm of the newer thermographs provides for proper pressure 
without any care on the part of the observer. On the older thermo- 
graphs there is an adjusting screw near the base of the pen arm, 
which permits adjustment of the pressure with which the pen bears 
against the chart. If the pen bears too heavily on the chart the 
record will appear as a series of quick changes in temperature rather 
than the more gradual change which is the usual case. Figure 34® 
shows a record obtained from a pen which was pressing too heavily 
on the chart. The excess friction on the paper was too great at the 
beginning of any change in temperature to permit the force, through 
the linkages from the Bourdon tube, to overcome it. As this force 
increased with a continued change in temperature of the same sign, 

39 



Digitized by v^ooQle 




TM 1-235 
7 



ARMY AIR FORCES 



the friction of the pen on the paper was overcome and the pen sud- 
denly adjusted itself to the changed shape of the actuating element. 
This process was repeated with the result that the record has the ap- 
pearance of a series of steps. When the pen pressure is correct, a 
smooth curve, such as that shown in figure 34®, is the result. 

(6) A good way to test for proper pen pressure is to tilt the top of 
the instrument forward to an angle of about 30°. If the pen pressure 
is correct, the pen will drop away from the chart when the instru- 
ment is in this position. If the pen fails to leave the chart, the pres- 
sure should be reduced. 

(c) The pen barrel should never be filled more than half full of ink. 
Always use the special ink provided for use with this instrument. 
Due to the presence of alcohol and glycerin in this ink, it is somewhat 
hygroscopic. Hence, during conditions of high relative humidity 
such as foggy weather, or during prolonged periods of mist or light 
rain, this ink will absorb considerable moisture and its bulk will in- 
crease, often to the extent that the barrel becomes completely filled 
and overflows. The excess ink either hangs as a drop outside the 
barrel or runs down the pen arm. Observers should always look for 
this condition during the prevalence of such weather as described 
above. As soon as this condition develops, the pen barrel should be 
emptied completely by use of a small piece of blotting paper, and a 
new supply of ink introduced. Do not merely remove the excess 
ink from outside the barrel and that which may have run down the 
pen arm. That which is left in the barrel is considerably diluted and 
will make an illegible record. Unless this ink is replaced, a part of 
the record is liable to be lost. 

( d) About once a month, the pen should be removed from the pen 
arm and all old, dried ink removed by washing the pen in warm 
water. Be careful to avoid bending the pen in any degree. After 
long usage, these pens will become too blunt to enable them to draw 
a fine enough line. When this is discovered, a new pen should be 
substituted. If, after installing of a new pen or replacing of a pen 
after cleaning, the ink does not readily start flowing between the 
capillary leaves, the flow can be started by drawing a small piece of 
hard bond paper between the pen leaves. The pen should then be 
inspected to see that no fibre remains attached. 

(4) Temperature error . — At the time of changing the record sheet, 
the thermograph should be adjusted to zero temperature error. The 
temperature adjustment screw is used for this purpose. In setting, 
it is advisable to tap the instrument lightly in order to cause the 
various parts and linkages to settle into their normal positions. 
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When, for any reason, the thermograph has developed an excessive 
temperature error (more than 5°), it should be adjusted without 
waiting for the next change of the chart. 

(5) Bearings. — After continued long usage, or following a period 
when the air has been unusually dusty, the bearings at the ends of 
the horizontal axis should be wiped clean with a soft cloth and a small 
drop of good watch oil applied. 

(6) Lever-length adjusting screw. — (a) It is frequently noted that 
the thermograph will record too low a temperature at the time of 
maximum temperature and too high a temperature at the time of 
minimum temperature. In this case the pen arm is not swinging 
over a large enough arc because it is too short. Often a minor adjust- 
ment of the pen on the pen arm will correct this. If the correction 
cannot be made in this manner, the fulcrum should be moved slightly 
to the right by operating the lever-length adjusting screw. 

(6) If the thermograph records too high a temperature at the time 
of maximum temperature and too low a temperature at the time of 
minimum temperature, the pen arm is swinging over an arc that is too 
long. This, too, can be corrected either by adjusting the position 
of the pen farther back along the pen arm or by moving the fulcrum 
to the left. 

(7) Bourdon tube.—khout the only care required for the Bourdon 
tube is that it should be kept free from collecting dust. It should be 
wiped with a soft cloth about once each week. 

8. Hygrograph. — a. Purpose. — The hygrograph is used to secure 
a continuous and automatic registration of relative humidity. 

b. Description . — (1) General. — Figure 35 shows a sketch of a 
hygrograph, with its cover case removed. The principal parts and 
features of this instrument have been labeled. Detailed drawings 
of each part will follow. The actuating element of the hygrograph 
is a specially treated strand of human hairs. The long tubular 
strands with their great surface exposed seem constructed by nature 
to be suitable sensitive elements for the measurement of humidity 
values. As the moisture content of the air changes, the length of each 
hair changes. The strand is held fixed at both ends while the system 
of linkages of the hygrograph is attached to the middle of the strand. 
Change in the length of the strand of hairs is communicated through 
the system of linkages to a tracing point, and thus a continuous 
record of humidity changes and values is recorded on a moving surface. 
As humidity increases the hairs lengthen and the tracing point is 
moved upward. As humidity decreases the hairs become shorter 
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and the arrangement of the linkage system causes the pen to move 
downward. 

(2) Clock unit . — The clock unit of the hygrograph is similar to 
that of the thermograph as discussed in paragraph 76(2). The only 
difference is that the cylinder for housing the clock movement is not 
as tall as that used in the thermograph, there being no necessity for 
changing the range of scale of the chart in the case of the hygrograph. 
All charts are of the same size and are designed for records of relative 
humidity from 0 to 100 percent. There is no compartment for 
auxiliary gears, but the clock is designed for the use of weekly or 
daily gears and pinions as desired. 

(3) Pen . — The pen used on the hygrograph is exactly the same as 
that used on the thermograph, as described in paragraph 76(3). 

(4) Pen arm . — The pen arm used on the hygrograph is the constant- 
pressure type, and is exactly the same as that used on the thermograph. 
It is fully described in paragraph 76(4). 

(5) Front horizontal axis . — (a) The horizontal axis provides the 
means of attachment between the pen arm and the first element in 
the system of linkages which connects to the strand of hairs. Figure 
36© shows the two bearings at the ends of this axis. They fit into 
the carriage which extends upward from the right end of the base 
surface of the hygrograph. The attachment for the pen arm is the 
same as in the thermograph. 

(6) To the right of the pen arm attachment we find the first element 
in the system of linkages. This element is a mechanical arrangement 
of two curved surfaces known as an interpolating lever. Only the 
under unit of this lever is shown in figure 36. It is held to the hori- 
zontal axis by a setscrew. The setscrew permits of this lower unit 
being shifted on the axis and thereby providing some adjustment of 
the sweep of the pen arm. However, the position of this lower unit 
has been carefully arranged by the manufacturer and should ordinarily 
not be changed. A more direct means for adjustment of the move- 
ment of the pen arm will be discussed later. Figure 36© shows a 
front view of the horizontal axis and its attachments. 

(6) Interpolating lever . — (a) The interpolating lever is an important 
element in the system of linkages. It is a mechanical arrangemen 
which introduces the feature of a changing length of lever arm, which 
is necessary to provide compensation for the changing characteristics 
of the actuating strand of hairs. 

(6) Figure 37 shows a side view of the interpolating lever and its 
attachments to the front and rear horizontal axes. The middle por- 
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tion of the strand of hairs is attached to the fulcrum rod, as will be 
shown in detail in a following subdivision of this paragraph. Any 
movement of the hairs is communicated to the rear axis through, this 
fulcrum rod. As the hairs shorten due to decreasing humidity, the 
fulcrum rod will be pulled to the right. Thus the rear axis is rotated 
clockwise. The upper unit of the interpolating lever is fixed to the 
rear axis and will, therefore, be rotated about this axis also in a clock- 
wise manner. As the upper unit partakes of such motion, the lower 
unit, with its attached front axis, is rotated counterclockwise. Since 
the pen arm is fastened to this front axis, the pen will, in this case, 
be carried downward over the chart. Thus, with a shortening of the 
hairs, a lower humidity value is recorded. 

( c ) The two units of the interpolating lever are held in contact 
along their convex surfaces by the spring shown in figure 37. 

(7) Rear horizontal axis . — The rear horizontal axis provides com- 




munication of movement from the strand of hairs to the interpolating 
lever. Figure 38 shows a view of the rear horizontal axis, with at- 
tachments. The bearings are shown at the two ends. The upper 
unit of the interpolating lever is shown with its attachment to this 
axis. Near the right end of this axis is shown the attachment of the 
fulcrum rod and fulcrum. The fulcrum is held in place by the set- 
screw. By loosening this screw, the fulcrum can be shifted up or 
down on the fulcrum rod. If it is shifted upward, the effective lever 
length is increased so that the sweep of the pen arm, for a given change 
in length of the strand of hairs, is increased. If the fulcrum is moved 
downward, the effective lever length is decreased. A device for 
spreading the strand of hairs, called the banjo-spreader, is attached 
to the right side of the adjustable fulcrum. 
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(8) Banjo-spreader . — As a means of exposing the hairs of the hygro- 
graph to best advantage, in order to increase the sensitivity of the 
instrument, the strand of hairs is spread apart into several finer 
strands. The device for maintaining this separation is called the 
banjo-spreader. Figure 39 shows -the parts of this spreading device. 
The base plate is shown to have eight semicircular notches for holding 
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® Base plate. (D Top plate. (5) Assembled. 

Figure 39.— Banjo-spreader. 



the eight smaller strands of hair. Figure 39® shows a side view of 
this plate looking from the rear side of the hygrograph. The attach- 
ment of this plate to the fulcrum is also illustrated. Figure 39© 
shows the top plate and © shows the two parts assembled. 

(9) Strand oj hairs . — The actuating element of the hygrograph is 
a strand of human hairs which has been specially cleaned and processed. 
The strand consists of approximately 50 hairs. This is divided into 
eight smaller strands for the purpose of exposing each individual 
length of hair to the best advantage and thereby increasing the sen- 
sitivity of the instrument. The mounting of the hairs is shown in 

FU/crum Roc/ 




figure 40. Two small plate clamps, mounted at the ends of the out- 
side brass frame, serve to hold the ends of the strand firmly in place. 
The spreading arrangement and its attachment to the fulcrum rod 
can be seen also in this figure. 

(10) Adjusting rod . — The adjusting rod is used to set the instru- 
ment to zero correction at the time of changing record charts or at 
other times when the instrument may be indicating a humidity value 
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too much in error. This rod is shown in figure 40. It has right- 
handed threads cut near the left end and left-handed threads cut on 
the right end. When the knurled-headed nut is turned clockwise, the 
parts of the frame to which the ends of the strand of hairs are clamped 
are spread farther apart, thus shortening the strand. By this means 
the pen is lowered on the chart. Turning the knurled head counter- 
clockwise results in a lengthening of the hairs, and the pen is moved 
upward. 

c. Installation . — The hygrograph is installed in the instrument 
shelter. At the time of installation a careful determination of the 
relative humidity should be made by use of a psychrometer, and the 
pen of the hygrograph should be adjusted to a zero correction. 

d . Reading . — The hygrograph is always read to the nearest whole 
percent. 

e . Care. — (1) Clock unit . — The clock used in the hygrograph is 
similar to that used in the thermograph, and remarks concerning its 
care are contained in paragraph 76(1). 

(2) Hygrograph time error. — The hygrograph is subject to the same 
time error as found in the thermograph. The method of insuring 
that the hygrograph is operating on correct time is the same as that 
discussed in paragraph 76(2). 

(3) Pen . — The discussion concerning the care of the hygrograph 
pen is fully covered in paragraph 76(3). 

(4) Humidity error. — At the time of changing the record sheet, the 
hygrograph should be adjusted so that the new record starts off with 
a zero correction. To do this, ail accurate determination of the rela- 
tive humidity is made by use of a psychrometer and then the pen is 
adjusted to the proper humidity reading on the chart by use of the 
adjusting screw. In making this adjustment it is advisable to tap 
the instrument lightly in order to cause the various parts to settle 
into their normal positions. The pen must rest in proper position 
after the tapping. When, for any reason, the hygrograph has de- 
veloped an excessive error (more than 5 percent), it should be adjusted 
without waiting for the next change of the chart. 

(5) Bearings. — The bearings on the front and rear horizontal axes 
should be kept free of dust and should have a slight amount of good 
clock oil applied. The rear axis, due to its more open exposure, is 
subject to a greater and more rapid accumulation of dust and dirt. 
Also, some rust is frequently found to have formed here. To care 
properly for these bearings, a partial disassembling of the instrument 
is necessary, but this should be done about once during each 3-months’ 
period. 
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(6) Interpolating lever. — The interpolating lever will require very 
little attention or care. Although the sweep of the pen arm can be 
changed by changing the position of the lower unit of this lever on the 
front horizontal axis, this position has been carefully adjusted by the 
manufacturer and should normally not be disturbed. The units of 
this lever must be separated and the counterweight of the upper unit 
removed during times when the bearings of the horizontal axes are 
cleaned. 

(7) Strand of hairs . — The strand of hairs should occasionally be 
brushed free of all dust. A small camers-haii brush is best suited for 
this purpose. In some localities, the hair becomes clogged with an 
excessive amount of dirt and some oil droplets. When such a condi- 
tion exists, the strand should be removed and carefully washed in 
clean warm water. Do not use gasoline, carbon tetrachloride, or any 
substance other than clean water for this cleaning. After cleaning, 
allow the hairs to dry thoroughly before reinstalling them. Be careful 
at all times to avoid touching the hairs with the fingers. Oil deposited 
from the fingers on the hairs makes them less sensitive to humidity 
changes. After long usage, some of the hairs will deteriorate and 
break. Whenever as many as five or six hairs have been broken, the 
strand should be replaced by a new one. 

(8) Adjusting rod . — The adjusting rod should be kept free from 
dirt and dust. A small drop of oil should occasionally be placed on 
the threads. 

9. Fortin-type mercury barometer. — a. Purpose. — The purpose 
of the mercury barometer is to measure accurately the pressure of the 
air. 

b. Description . — (1) General. — In order that the height of the mer- 
cury column may represent accurately the true pressure of the air, and 
in order to detect the comparatively small changes of pressure from 
day to day, many refinements are necessary in construction of the in- 
strument and great precision of measurement is required. An ex- 
cellent form of the mercury barometer, satisfying the requirements 
just stated, was devised by Fortin, and is now widely used the world 
over. The particular pattern used by the Amry Air Forces Weather 
Service is shown in figure 41. 

(2) Tube and casing. — The barometer (fig. 41) consists of a glass 
tube about #-inch inside diameter closed at the top and inclosed in 
a thin metal casing, through which large openings are cut on opposite 
sides, exposing to view a section of the glass tube and mercury column. 
A graduated scale is formed at one side of this opening. In addition, 
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a short sleeve, also graduated, encircles the barometer tube and slides 
smoothly within the metal casing, motion being given to it by means 
of the milled head d. The milled head operates a small rack and 
pinion inside the casing. 

(3) Attached thermometer . — In order to * measure accurately the 
temperature of the mercury and the metal scale, the latter being a part 
of the casing, a thermometer is placed about half way between the 
cistern and the top of the barometer. This is known as the attached 
thermometer, and it is so placed that the bulb is exposed between the 
brass casing and the mercury column. 

(4) Cistern . — The special feature of the barometer is a cistern so 
constructed that the level of the mercury within may be changed 
greatly and adjusted to a fixed index point. The topmost portion of 
the cistern consists of a small boxwood piece g. The glass tube t 
passes through the central part of this piece, to which it is secured by 
a piece of soft kid leather, folded in a special manner and securely 
wrapped to both the glass tube and the boxwood cap g. This piece of 
leather is shown at a . The flexible joint thus formed will not allow the 
mercury to escape, but permits passage of air to and from the cistern. 
The remaining portions of the cistern are the short glass cylinder /, 
the two curved boxwood pieces i and j, the split-ring clamps l and m, 
the kid-leather bag n, and the adjusting screw o. Through operation 
of the adjusting screw o, the leather bag may be folded up into or 
withdrawn from the lower part of the cylinder, thus causing any 
desired change in the level of the mercuiy surface in the cistern. 

(5) Ivory point . — Projecting downward from the right under surface 
of the boxwood piece g is a small conical piece of ivory, marked h. 
This cone-shaped piece is inverted. The apex forms a fixed and 
definite point, to wliich the level of the mercury in the cistern can be 
adjusted in taking readings of the barometer. This ivory point is, 
therefore, the zero end of the scale, from wliich all the measurements 
of the height of the column are made. 

(6) Barometer scale . — The scale of the barometer is shown on 
the left of the opening in the brass casing. It is most conveniently 
made of a separate strip of metal, although sometimes it is engraved 
directly on the metal tube itself. The length varies from about 4 
inches, for use at stations of only moderate elevation above sea 
level, to from 10 to 15 inches or more, for barometers intended to be 
used at high elevations. The graduations on the scale also vary, 
being only 10 spaces to the inch in many instances and 20 in others. 
The larger number of graduations for a given length of scale provides 
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for greater accuracy in readings. Most of the barometers in use in the 
Army Air Force Weather Service have 20 graduations to the inch. 
The scale of the barometer, when engraved on a separate strip, is 
attached to the metal tube by small screws in such a maimer that it 
may be adjusted slightly/ either up or down, so that [the 30-inch mark 
of the graduations, for example, can be placed at exactly the right 
distance from the ivory point. This adjustment is always made by 
the manufacturer and should not be changed. 

(7) Vernier . — (a) The vernier is a device by which one is able to 
ascertain accurately much smaller fractional subdivisions of a grad- 
uated scale than could otherwise be observed by the eye. For 
example, with a scale having only 20 subdivisions to the inch, the 




Figure 42. — Barometer vernier. 



smallest subdivision represents 0.05 inch. By careful estimation 
the reading of such a scale could be made with sufficient accuracy to 
0.025 inch without the aid of a vernier. However, with a vernier, the 
reading could be made to 0.001 inch. The name of the device is 
derived from its inventor, Pierre Vernier. This part of the barometer 
is shown at c. A larger scale drawing of the vernier is shown in figure 42. 

(6) A vernier consists, essentially, of a relatively short graduated 
scale, the spaces upon which are just a certain amount smaller or 
larger than those of the main scale. When two such scales are 
placed together, some marking of the vernier will be coincident, or 
very nearly so, with a line on the scale, and from this circumstance 
the position of the zero line of the vernier in reference to the scale 
can be determined accurately. 
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(c) In the vernier shown in figure 42, 24 graduations on the scale 
are equivalent to 25 graduations on the vernier. Hence each interval 
on the vernier is one twenty-fifth of a scale interval smaller than a 
scale interval. Thus, if the vernier is arranged, with respect to the 
scale, so that the zero of the vernier is coincident with a given scale 
marking, the first vernier marking above zero will be one twenty-fifth 
of a scale interval below its nearest scale marking. If the vernier is 
now raised so that the first vernier marking above zero is brought 
into coincidence with the nearest scale marking, the vernier will have 
been raised through that distance one twenty-fifth of a scale interval. 
Inasmuch as there are 20 scale intervals to the inch, in this example 
the vernier has been raised of Ko inch or 0.002 inch. Since 
the reading is to be taken from that vernier marking in, or nearest to, 
coincidence with a scale marking, and since in our example that ver- 
nier ma rking is the first above the vernier zero, each interval on the 
vernier must represent 0.002 inch. 

c. Error 8 of mercury barometers. — (1) General . — No matter how care- 
fully a barometer may be made, certain errors due to various causes 
can hardly be eliminated. In the first place, if any residual air or 
vapor or any kind of gaseous matter remains in the top of the 
barometer tube, the column of mercury will not rise as high as it 
should. Moreover, we know from physical laws that the capillary 
forces acting between the free surface of mercury and the glass walls 
at the top of the column also operate to prevent the mercury from 
rising as high as it should. Still other errors arise from faults in the 
graduation of the scale, and from failure to place it and the vernier 
at exactly the positions they should occupy. It is not practicable 
or necessary, as a rule, to determine these errors separately. When 
an instrument is completed, its readings are carefully compared with 
those of a standard barometer. The differences found in this way 
represent the outstanding effect of the several sources of error men- 
tioned above, and are commonly called “the correction for instru- 
mental error and capillarity.” There is still another source of con- 
siderable variation in readings of mercury barometers, namely, the 
influence of temperature. A change in temperature affects the 
length of both the metal scale and the mercury column. 

(2) Correction for capillarity . — In all barometers having com- 
paratively small tubes, that is, of less diameter than from 0.7 to 1 
inch, the top of the mercury column, or the meniscus, as the rounded 
surface is generally called, will nearly always be quite convex on 
account of the capillary action between the mercury and the glass. 
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In consequence of this, the mercury column is actually depressed a 
slight amount and never indicates the true barometric height. This 
source of error is one of the most troublesome to which barometers 
are subject, as the capillarity is never quite constant and there is no 
practicable method by which its changing value can be determined 
accurately in the daily use of an instrument. The error due to capil- 
larity is nearly always eliminated as far as possible from the scale 
reading by adjusting the scale so that allowance will be made for 
the average capillary depression. If an ordinary barometer be care- 
fully examined, it will be found that the 30-inch mark on the scale is 
appreciably less than 30 inches from the ivory point. In general, the 
difference represents the amount the mercury column is depressed by 
capillarity. 

(3) Correction for imperfect vacuum . — It is generally assumed that 
the space in a barometer tube above the mercury column is a perfect 
vacuum, and that there is no downward pressure upon the top of the 
column of mercury. This, however, is not strictly the case in any 
instance, and often an appreciable quantity of air or water vapor 
Is present. Any vapor that the mercury may give off is always 
present. This latter, however, is very small and is never con- 
sidered except in the most refined investigations. If, therefore, any 
such pressures exist upon the top of the column, it will be depressed, 
and a correction, which may properly be called correction for imper- 
fect vacuum or reduction to perfect vacuum, should be applied. Such 
a correction will vary with both the temperature and the volume of 
the space. If the trace of air present is slight, as is nearly always the 
case in any good barometer, the correction for vacuum will be nearly 
constant, provided the volume is not changed much by great changes 
of pressure, since the changes corresponding to ordinary changes in 
temperature are comparatively small. Therefore, in ordinary weath- 
er-station barometers this correction, like the one for capillarity, is 
included in the correction for instrumental error. When, however, a 
barometer is used at both high and low pressures, the volume of the 
vacuum space may change manyfold, and ip such a case any error due 
to imperfect vacuum is far from being constant. 

(4) Correction for instrumental err scale error. — ( a ) Errors arising 
from several independent sources are embraced under this designation, 
for example: The graduated scale may not be adjusted so perfectly 
that its divisions are at exactly the right distance from the ivory point; 
the sighting edge of the vernier may not be true or in proper corre- 
spondence with its zero graduation line; unavoidable errors and irregu- 
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laxities in the graduations of the barometer scale itself also introduce 
different errors from point to point along the scale. Nevertheless, 
sufficient precision in scale graduation is easily attainable even in a 
scale that is only fairly good, and such errors are generally so small as 
to be unimportant in ordinary barometric observations, and are 
seldom considered. The combined effect of such sources of error gives 
rise to what is generally called the correction for instrumental or 
scale error. 

(6) The manufacturer, in adjusting a good barometer, endeavors to 
eliminate as completely as possible, or at least to reduce to a very 
small quantity, the several corrections mentioned, viz, correction for 
capillarity, for imperfect vacuum, and for instrumental error. This 
he can do by sliding the scale up or down a small fraction of an inch 
until he finds, by repeated trials and comparative readings with a 
standard instrument, that the new barometer, when corrected for 
temperature, gives the same or nearly the same readings as the 
standard. Any slight outstanding difference that may finally remain 
then becomes the “correction for instrumental error, including capil- 
larity,” or briefly, “correction for scale errors and capillarity.” 

(c) By comparing a barometer in a partial vacuum so as to ascertain 
the “correction for scale errors and capillarity” at several pressures, 
such, for example, as at each inch between 20 and 30 inches of pressure, 
it has been learned in a few cases that very great differences in the 
correction may be found at different points of the scale. These 
differences amounted in one case to eighty-three thousandths of an 
inch between 25 and 30 inches, and could not be explained by any 
error of the scale or by any influence other than that of the irregular 
capillary action jat different points of the tube. These investigations 
demonstrated the necessity for ascertaining correction for scale errors 
and capillarity of each instrument for the particular pressure range 
through which the instrument is to be used. 

(5) Correction for temperature . — (a) The temperature of a barometer 
affects the accuracy of its readings in two ways. First, the metal 
scale expands and contracts with changing temperatures, and is, 
therefore, continually changing its length. Second, the mercury it- 
self expands and contracts much more than the scale. The 30 cubic 
inches of warm mercury in a barometer tube at, say, a temperature of 
80° F., will be more than 1 ounce lighter than the same volume of 
mercury at freezing temperature. The true pressure of the air, 
therefore, is not shown by the observed height of the mercury column 
until we take into account both the temperature of the scale and the 
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density of the mercury. For this reason barometric readings require 
to be reduced to a reading which would have been obtained had the 
mercury and scale been at certain standard temperatures. 

(6) The standard temperature adopted for the mercury is always 
that of melting ice, that is, 0° C., or 32° F. When the readings of the 
scale are taken in inches, the standard temperature for the scale 
reduction is 62° F. If, however, the metric unit of length is used, 
the standard temperature is 0° C. In the latter case the same tem- 
perature serves for both the scale and the mercury. There is thus a 
disparity between the temperatures at which English and metric 
scales are of standard length; moreover, tables of barometric correc- , 
tions for temperature usually give the reduction for both the scale 
and the mercury in one correction, whence it follows from these two 
circumstances that the corrections in English and in metric tables ! 
are not mutually convertible. An error is therefore introduced if the j 
uncorrected reading of a mercury barometer, expressed in metric 
units, is converted into English units, or vice versa, and a tempera- 
ture correction afterwards applied to the result. Conversion of 
barometer readings from English to metric or from metric to English 
units can be made correctly only ajter each reading has been juUy 
corrected for temperature. 

(c) Tables of correction are computed by simple formulas taking 
into account the known coefficients of expansion of the mercury and 
of the metal or material of which the scale is made. The scale in 
this type of barometer includes all the metal parts between the ivory 
point and the top of the column of mercury. It is generally assumed 
that the temperatures of the scale and mercury are the same, and that 
the temperature is given by the indications of the attached ther- 
mometer. For barometers with brass scales the following formula is 
used for computing corrections: 



C=-h- 



t- 28.630 
1.1123t+10.978 



in which h is the observed reading of the barometer in inches , and t is 
the temperature of the scale and mercury in degrees Fahrenheit. The 
numerical factors in this equation are obtained by using the following 
values for the expansion of mercury and brass, viz: 

Cubical expansion of mercury — 0.0001010 per degree Fahrenheit. 

Linear expansion of brass — 0.0000102 per degree Fahrenheit. 

An extract of the tables for the temperature correction for mercury 
barometers, with brass scales graduated in English units, is shown in 
table I. 
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Table I . — Correction of mercury barometer for temperature — English units 





26.5 


27.0 


27.6 


28.0 


J 8.8 


29.0 


29.5 


30.0 


30.5 


31.0 


ADD ( Inches ) 


21 


0.018 


0.019 


0.019 


0.019 


0.020 


0.020 


0.020 


0.021 


0.022 


0.022 


22 


.016 


.016 


.016 


.017 


.017 


.017 


.018 


.018 


.018 


.019 


23 


.014 


.014 


.014 


.014 


.014 


.015 


.015 


.015 


.016 


.016 


24 


.011 


.011 


.012 


.012 


.012 


.012 


.012 


.013 


.013 


.013 


25 


.009 


.009 


.009 


.009 


.010 


.010 


.010 


.010 


.010 


.010 


26 


.006 


.006 


.006 


.007 


.007 


.007 


.007 


.007 


.007 


.007 


27 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.005 


28 


.002 


.002 


.002 


.002 


.002 


.002 


.002 


.002 


.002 


.002 



SUBTRACT ( Inches ) 



29 


0.001 


0.001 


0.001 


0.001 


0.001 


0.001 


0.001 


0. 001 


0. 001 


0.001 


30. 


.003 


.003 


.003 


.003 


.004 


.004 


.004 


.004 


.004 


.004 


31 


.006 


.006 


.006 


.006 


.006 


.006 


.006 


.006 


.007 


.007 


32 .... 


.008. 


.008 


.009 


.009 


.009 


.009 


.009 


.009 


.009 


.009 


33 


.011 


.011 


.011 


.011 


.011 


.012 


.012 


.012 


.012 


.012 


34 


.013 


.013 


.013 


.014 


.014 


.014 


.014 


.015 


.015 


.015 


35 


.015 


.016 


.016 


.016 


.016 


.017 


.017 


.017 


.018 


.018 



Note that, in agreement with the formula, if the attached thermometer 
reading is 28.630° F., the correction for temperature is zero. 

(6) Correction jor density of mercury . — If the density of the mercury 
is not the same in two barometers that are exactly alike in every other 
respect, the heights of the mercury columns will not be the same for the 
same pressure. In such a case a reduction to mercury of a standard 
density will be required. The presence of 1 percent of lead with mer- 
cury causes a change in density that would require a correction of 
about 0.051 of an inch. On the other hand, mercury containing even 
so little as one one-hundredth of 1 percent of lead is rendered so exceed- 
ingly foul that it could not be used for barometric purposes. It is 
therefore easily seen that a correction for standard density is a refine- 
ment which need not ordinarily be considered. 

(7) EvcduaMon of corrections. — (a) It is easily understood, after 
what has been said above about errors of graduation, errors due to 
capillarity, to imperfect vacuum, to instrumental imperfection, etc., 
that even the best of ordinary barometers is liable to be quite incorrect 
until corrections for these errors have been determined. Moreover, 
from the nature of things, we cannot determine these corrections except 
by comparison with a standard barometer, and the question might 
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properly be asked about how it is known that the standard barometer 
is right. To understand the answer to this question, it must first be 
stated that the standard barometer, used for comparison, must be a 
normal barometer. 

( b ) A standard barometer need not necessarily be anything more than 
an instrument which has been pronounced to be correct by some special 
authority. Such an instrument, although formally pronounced to be 
a standard, might, nevertheless, possess little more than the average 
accuracy and its indications might still be more or less erroneous. 
Since the several errors of barometers cannot be determined, in the 
majority of cases, except by comparison with an instrument whose 
errors are all known, a standard based only on the dictum of some 
authority cannot necessarily be regarded as giving true indications. 
A normal barometer, however, is, by definition, one the construction 
of which is such that the instrument, fundamentally and independent 
of all other similar instruments, gives a true measure of the pressure 
of the air. 

(c) It must not be understood that a normal barometer is absolutely 
without error. The construction, however, is such that those errors 
which cannot be eliminated wholly can yet be ascertained from the 
indications of the instrument itself. The error for capillarity, for 
example, is wholly eliminated by employing a tube of very large dia- 
meter. The error for imperfect vacuum in the normal barometer is 
made known by having the barometer so constructed that readings 
may be made when the vacuum chamber is large, and again when it is 
many times smaller. As the volume of the vacuum chamber is reduced, 
the pressure of the vapor and air therein is proportionately increased, 
and from the several readings made under conditions of different 
volumes of the vacuum space, the correction for imperfect vacuum can 
be computed. So, also, other errors are either eliminated or are evalu- 
ated through the special construction of the normal barometer and by 
special investigations, and the reading of the barometer after all known 
corrections are made is regarded as fundamentally correct. Normal 
barometers are generally of elaborate construction and will not be de- 
scribed in this manual. 

d . Installation . — (1) Barometer box . — The mercury barometer is 
installed inside the weather station and is normally mounted in a spe- 
cial barometer box, such as shown in figure 43. This box must be at- 
tached securely to a wall or to some other rigid support, and in a loca- 
tion that affords good light and does not subject the barometer to 
sudden changes of temperature. In mounting this box every effort 
should be made to insure that it is placed in a truly vertical position. 
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(2) Proper light . — The position selected for mounting the barometer 
should be such that adequate light is reflected from the two milk glass 
sections onto the cistern and the top of the mercury column. Artificial 




%hts should be installed along the outside of the box for use during 
nighttime observations. 

(3) Height . — The top of the mercury column should be about the 
height of the observer’s eye. 

(4) Temperature control . — The barometer should not be exposed 
either to the direct rays of the sun or to air currents that are always 
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found in the vicinity of cracks and crevices near windows and doors. 

(5) Verticality. — (a) For accurate results it is necessary that 
barometers should be exactly vertical when the adjustments for 
reading are made. As the barometer hangs from the suspension rod, 
the instrument itself acts as a plumb line and takes a vertical position. 
It is desirable, however, for convenience in setting the barometer, as 
well as to insure permanent verticality of the instrument, to steady 
it in supports which are first adjusted, once for all, so that the barom- 
eter is accurately vertical. 

( b ) The centering ring and centering screws shown in figure 44 are 
used to insure verticality. If the barometer box has been properly 
mounted so that it is vertical, the barometer will hang from the 




Figure 44. — Barometer centering ring. 



suspension rod in such a manner that the cistern rests free from any 
contact with the centering ring. A careful adjustment of each of 
the centering screws will fix the barometer for permanent verticality. 

e. Reading. — (1) Attached thermometer . — The presence of the obser- 
ver’s body near the barometer tends to affect its temperature. The 
scale and outer parts are affected first, then the thermometer, and 
much more slowly the mercury column. Generally, however, this 
effect is slight, since only a very few minutes are required in making 
the reading. It is best to read the attached thermometer as the first 
operation in reading a barometer. This thermometer is read to the 
nearest one-half degree Fahrenheit. 

(2) To “set” cistern . — First, tap the casing of the cistern lightly 
with the finger tips in order to insure that the mercury surface is free 
from any tendency to cling to the glass walls. Next, adjust the top 
surface of the mercury so that it is just in contact with the ivory 
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point. To make this contact adjustment, there are three slightly 
different methods that may be followed. 

(a) First method . — Lower the mercury in the cistern until a definite 
separation of, say, % to ^ inch exists between the ivory point and the 
mercury surface. This is accomplished by operating the adjusting 
screw (fig. 41) while sighting along the top surface of the mercury to 
the lower section of milk glass background. Now, while sighting in 
the same manner, raise the mercury and watch for the slightest thread 
of light that can be detected between the ivory point and the mercury. 
Turn the adjusting screw very carefully until this thread of light just 
disappears. The light should be strongly reflected from the milk 
glass, with the cistern somewhat in shadow. This method is believed 
to be the best of the three. It is applicable equally to new barome- 
ters with bright mercury surfaces and to older ones, the mercury of 
which is more or less oxidized. 

( b ) Second method . — Lower the mercury in the cistern until a space 
of % to % inch separates the mercury surface from the ivory point. 
Now raise the mercury until a small dimplelike depression is made in 
the mercury as the ivory point is pressed into the mercury a little. 
Now lower the mercury carefully and slowly until the dimple just 
disappears. The surface of the mercury may now be supposed to be 
in contact with the ivory point. This method is not so reliable and 
accurate and, in general, can be followed only with clean mercury. 
Flakes of oxidized mercury on the surface in older barometers will 
make it impossible to use this method because the dimplelike depres- 
sion will not readily be formed. Furthermore, as the ivory point is 
pressed into the mercury and then withdrawn, some mercury often 
clings to the ivory point, especially when the ivory is newly cut. 
It is not good practice to low r er the mercury any slight amount, as a 
last operation, after it is once raised. The effect of this generally 
is to change simply the convexity of the meniscus at the top of the 
column, and this gives rise to a new and unknown correction for 
capillarity. The most uniform and accurate results are obtained by 
gradually raising the mercury until precise contact is secured. If it 
is believed that the mercury has been raised too much, lower it until 
entirely free from the point and start the adjustment again. 

(c) Third method . — Another method that is sometimes used is 
first to lower the mercury to secure proper separation and then, 
while slowly raising it toward the ivory point, to watch closely until 
the reflected image of the ivory point coincides with the point itself. 
This method would require clean, bright mercury and is, therefore, 
not a general method. 
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(3) Adjustment of vernier . — The level of the mercury having been i 
adjusted to the ivory point, the vernier must next be brought to the I 
top of the column. First, in order to assure that the proper meniscus j 
is formed, the metal casing near the top of the mercury column should i 
be tapped lightly with the finger tips. Next, raise the vernier above j 
the top of the mercury column, using the adjusting screw d , figure 41, I 
and then lower it until the lower edge is brought just to the level of j 
the extreme s ummi t of the meniscus. Care must be exercised to j 

insure that both the front and back edges of the vernier are in the line j 
of sight. When the vernier is properly adjusted, two somewhat l 
triangular areas can be seen to the left and right of the meniscus sum- j 
mit against the background of the upper section of milk glass. Figure | 



I 



Figure 45. — Vernier adjusted to the mercury column. j 

45 shows a sketch illustrating the proper adjustment of the vernier to 
the top of the mercury column. 

(4) Reading vernier . — (a) In order to understand the proper use of 
the vernier, let us examine figure 45. Notice that the scale is divided 
by graduations for each one-tenth of an inch. The problem of read- 
ing the scale accurately is to find the exact point along this scale on 
which the zero marking of the vernier rests. If the zero of the vernier 
has been adjusted to the top summit of the meniscus, the scale reading 
will show the length of the mercury column above the ivory point, 
due allowance having been made for slight adjustments of the position 
of the scale in efforts to reduce instrumental errors. The uncorrected 
reading, as made from the scale, is called the “observed reading.” 

In this simple case it can readily be seen that the zero of the vernier 
rests between the 30.1-inch and the 30.2-inch markings on the scale. 
Thus we know that the observed reading is something less than 30.20 
inches and something more than 30.10 inches. It appears to be about 
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halfway between these values. But instead of making an approxima- 
tion from use of the scale graduations alone, let us use the vernier to 
find the reading more accurately. 

(6) In this illustration, the vernier has ten divisions, each of which 
is nine-tenths as great as a division of the scale. If we look upward 
along the vernier graduations we note that graduation number 5 of 
the vernier is in exact coincidence with a scale graduation. We must 
determine exactly where the zero of the vernier rests. Since number 
5 is in exact coincidence, and the distance between number 5 and 
number 4 is nine-tenths of the distance between scale graduations, 
then number 4 of the vernier is nine-tenths of a scale graduation below 




Figure 46.— Observed reading, 30.15 inches. 

the scale graduation next above, viz, the scale graduation coinciding 
with number 5 of the vernier. Number 4 of the vernier is likewise 
one-tenth of a scale graduation above the scale graduation next below 
it. Number 3 of the vernier will be eight-tenths of a scale graduation 
below that line on the scale just above number 3, and it is two-tenths 
of a scale graduation above the scale marking just below it. And so 
on, number 2 of the vernier is three-tenths of a scale graduation above 
the scale marking below, number 1 is four-tenths above, and zero of 
the vernier is five-tenths of a scale graduation above the 30.10-inch 
mark. Thus in this case the true observed reading is 30.15 inches. 

(c) Let us examine a setting just a little different, for the purpose of 
illustrating another point. In figure 47 we note that the zero gradua- 
tion of the vernier rests between the 30.2-inch and the 30.3-inch mark- 
ings of the scale. If we looked at this sketch carefully, we might 
estimate the reading to be 30.27 inches, or perhaps 30.28 inches. 
But the vernier will permit us to make the reading more accurately. 
In this case we note that no line of the vernier is in exact coincidence 
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with a line of the scale. Those vernier lines coming nearest to coin- 
cidence are numbers 7 and 8. Number 7 is a short distance above a 
scale marking and number 8 is a short distance below a scale marking. 
We might also notice that number 8 is closer to coincidence than is 
number 7. , 

(< d ) Let us first start with number 8 of the vernier. It is not quite 
high enough to be in coincidence. Thus number 7 is a little more 
than nine-tenths of a scale graduation below the next scale graduation 
above. It may also be said that number 7 is a little less than one-tenth 
of a scale graduation above the scale marking next below it. Number 
6 is a little less than two-tenths, number 5 is a little less than three- 
tenths, and so on until zero of the vernier is found to be a little less 




Figure 47.— Observed reading, 30.277 inches. 

than eight-tenths above the next scale graduation below. Thus, by 
these steps in the reading operation, we have determined that the 
reading is a little less than 30.28 inches. If we start with number 7 
of the vernier, we note that it is a little too high to be in coincidence 
with a scale graduation. Thus number 6 is a little less than nine- 
tenths of a scale graduation below the next higher scale marking or a 
little more than one-tenth of a scale graduation above the next lower 
scale marking. Number 5 is a little more than two-tenths of a scale 
graduation above the next lower scale marking, number 4 is a 
little more than three-tenths, number 3 a little more than four- 
tenths, and so on, to the zero of the vernier which is a little more than 
seven-tenths of a scale graduation above the next lower scale marking. 
Thus, by these steps in the reading operation, we have determined 
that the reading is a little more than 30.27 inches. 

(« e ) Up to the present stage of the discussion of this example, we 
have found that the correct reading is less than 30.280 inches and 
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more than 30.270 inches. If number 8 of the vernier had been in 
exact coincidence, the reading would have been 30.280 inches. If 
number 7 of the vernier had been in exact coincidence, the reading 
would have been 30.270 inches. If number 8 had been the same 
amount removed from coincidence as number 7, the reading would 
have been 30.275 inches. An inspection shows that number 8 of 
the vernier is closer to coincidence than is number 7. This latter 
observation suggests that the correct reading must, therefore, be 
30.276 inches, 30.277 inches, 30.278 inches, or 30.279 inches. The 
selection to be made from among these readings will depend upon 
the judgment of the observer. This type of vernier will not reduce 
the necessity for approximation below the range of these values. 




Fiothf IS. — Observed reading, 30.177 inches. 



In this case it appears that 30.277 inches is a good approximat ion from 
among the four values included in the possible range. 

(f) Next, we shall consider an example in which we use a vernier 
similar to those found on most barometers in use in the Army Air 
Forces Weather Service. The vernier shown in figure 48 has 25 divi- 
sions, equivalent in scale value to 24 scale divisions. Also, we note that 
the scale has been subdivided into graduations for each one-twentieth 
of an inch, i. e., to the nearest 0.05 inch. In the example of figure 48 
we see that the zero of the vernier rests between the scale markings 
for 30.15 inches and 30.20 inches. If the fifteenth vernier division, 
which is marked “3” on the vernier, were in exact coincidence with 
some scale marking, then the zero of the vernier would be fifteen 
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twenty -fifths of 0.05 inch above the scale reading: just below the zero 
of the vernier. In that case this reading would he 30.15 inches (as 
read directly from the scale) plus fifteen twenty-fifths, or three-fifths, 
of 0.05 inch, which would he 30.15 inches plus 0.03 inch, equaling 
30.180 inches. The last digit would be added because we always 
record the observed reading' to thousandths of an inch. If the 
twentieth vernier division, which is marked “4” on the vernier, 
were in exact coincidence with some scale marking, then the zero of 
the vernier would be twenty twenty-fifths, or four-fifths, of 0.05 
inch above the scale reading just below the zero of the vernier. In 
that case the reading would be four-fifths of 0.05 inch, or 0.04 inch, 
above 30.15, equaling 30.190 inches. Thus each printed number on 
the vernier graduation, such as 1, 2, 3, 4 and 5, represent 0.01 inch, 
0.02 inch, 0.03 inch, 0.04 inch and 0.05 inch, respectively. Since 
the interval between numbered graduations on the vernier is divided 
into five parts, each single small division of the vernier graduation 
is equivalent to one-fifth of 0.01 inch, or 0.002 inch. Thus the vernier 
shown in figure 48 will permit readings direct to the nearest 0.002 
inch. Approximations can be made to the nearest 0.001 inch. 

( g ) Let us consider, again, the example shown by figure 48. Remem- 
bering that the scale is divided by markings for each 0.05 inch, we 
observe that the reading in this case is above 30.150 inches and below 
30.200 inches. Looking along the vernier to find a vernier mark 
that is in coincidence or that is near coincidence, we see that no vernier 
marking is in exact coincidence. We do note that the marking 
nearest to coincidence is the third one above “2” on the vernier. 
That it is above “2” indicates that the true observed reading is more 
than 0.02 inch above 30.150 inches. Thus the correct reading must 
be somewhat more than 30.170 inches. A closer inspection of the 
vernier markings shows that the third short line above “2” is slightly 
too high to be in coincidence with its nearest scale graduation, and 
the fourth short line above “2” is slightly too low to be in coincidence 
with its nearest scale graduation. Since each short division on this 
vernier represents 0.002 inch, the third short line above “2” would be 
0.006 inch above 30.170 inches, thereby indicating the observed 
reading to be 30.176 inches. Similarly, the fourth short line above 
“2” w r ould be 0.008 inch above 30.170 inches, and if this fourth line 
had been in exact coincidence the observed reading would be 30.178 
inches. But since the third line is too high for coincidence and the 
fourth line is too low, then true coincidence must be for some line 
that would occupy a position between them. Thus, by this method 
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of approximation, we arrive at the correct observed reading value of 
30.177 inches. 

/. Care of mercury barometer . — (1) To move . (a) A mercury 

barometer is a very delicate instrument and must be handled with 
great care. It should be transported, over short or long distances, 
only in an inverted position. Special care must be exercised in 
inverting a barometer to insure that no air is permitted to enter the 
tube. Before removing the barometer from the suspension hook 
of the barometer box, slowly operate the adjusting screw in such a 
manner as to raise the level of the mercury, both in the cistern and 
in the glass tube. Do not attempt to fill the tube completely with 
mercury. Since the top of the glass tube is obscured by the metal 
case, it is impossible to tell exactly when the tube is full, and a turn 
too much of the adjusting screw is almost sure to force the mercury 
through the joints of the cistern or even the pores of the leather bag 
and lead to very serious injury of the barometer. Raise the level of 
the mercury in the tube only until the top of the mercury column 
reaches the top of the opening in the metal casing. 

( b ) Next, remove the barometer from the suspension hook and 
centering ring, being careful to avoid subjecting the instrument to 
jarring or sudden movement. Hold the barometer firmly in both 
hands and lower the top of the instrument slowly, listening, mean- 
while, for any slight sound or “click” that may be emitted from the 
top of the barometer. This sound, or “metallic click”, as it is some- 
times called, results from the mercury striking against the inner surface 
of the top of the glass tube. If the barometer is quickly inclined, the 
violent shock of the mercury against the top of the tube is sufficient 
to break the glass. The “metallic click” will be noticed when the 
barometer is inclined at about 45° at low-level stations. Continue 
lowering the top of the barometer slowly and when the instru- 
ment is in nearly a horizontal position, watch for the appearance of 
an air bubble at the cistern end. If the level of the mercury has 
been raised the proper amount before inverting of the tube is begun, 
this air bubble in the cistern will be about the size of a ten-con t piece. 
From the horizontal position, the barometer may be turned cistern-end 
up without any special precautions, and may then be handled with ease 
and safety. 

(c) If the barometer is to be installed in a new position, it should be 
carried in the inverted position. At the point selected for the now 
installation, the instrument should be brought slowly and carefully to 
the normal vertical position. This must be done very slowly to 
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insure that the parts of the cistern are not subjected to undue strain. 
After the barometer has been brought to the vertical position, the 
cistern should be fitted into the centering ring and the top of the 
instrument fastened to the suspension hook. After the centering 
screws have been adjusted so as to hold the barometer truly vertical, 
the level of the mercury should be slowly brought to a position slightly 
below the ivory point. 

( d) At stations with elevations of 3,000 to 10,000 feet or more above 
sea level, the top of the mercury column is a long distance from the 
top of the opening in the metal casing. At such elevated stations, 
it is not advisable, therefore, when it is desired to invert a mercury 
barometer, to operate the adjusting screw in one step until the column 
reaches nearly the top of the tube. A better plan is to raise the column 




only 2 or 3 inches, then, while gradually inclining the instrument, 
continue to screw up the cistern until the column is about to disappear 
from view at the top. The object of this particular method is to avoid 
subjecting the cistern to the considerable hydrostatic pressure that 
occurs if the column is raised several inches above that which the air 
pressure itself is capable of supporting. At an elevated station the 
barometer must be in a much more nearly horizontal position to 
produce the “metallic click” than at sea level. 

(2) Preparing for shipment . — Mercury barometers of the Fortin 
type must always be shipped in an inverted position. The box 
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container is of special design and must be prepared in advance. 
Figure 49 shows the details of this shipping box. Figure 49 ® shows the 
general features of the box, with the face board removed. The box 
proper is about 10 by 10 inches in cross section. It is firmly braced 
to a platform, as the sketch shows. The top end of the box is pointed 
to prevent its being rested on that end. A heavy staple is fixed to a 
cross piece in the top of the box and the barometer is suspended, 
inverted, by the attachment of a strong cord from this staple to the 
cistern of the barometer. After the barometer has been inverted, 
and before placing it in the packing box, it should be wrapped first 
in soft paper, then with a thick layer of cotton sheeting and an outer 
wrapping of heavy paper. Thus prepared, it is then suspended from 
the strong staple in the packing box, and completely and closely 
surrounded with good excelsior or cotton or similar elastic material. 
The face board must be screwed into place, not nailed. Handles 
are attached to the front and rear sides of the box so that it can be 
moved about in transit without the necessity for undue tilting and 
jostling about. 

(3) Cleaning. — (a) The best possible care a barometer can receive 
is to be protected from accumulations of dust and left quite alone. 
In case the scale becomes somewhat dull and tarnished, it may be 
brightened by suitable polishing, but this is a delicate operation and 
should be avoided. The proper position of the scale has been fixed 
by the manufacturer in an effort to reduce the instrumental error. 
During the polishing operation there is always danger of shifting the 
position of the scale. If polishing is absolutely necessary, it should, 
therefore, be done with great care. 

(b) After continued use, the mercury in the cistern of a barometer 
loses its brilliant surface and becomes coated with a film of oxide. 
This does not impair the barometer to any serious extent, and ac- 
curate readings can still be made with such an instrument. However, 
after several years exposure the mercury in the cistern may accumu- 
late a considerable amount of flaky oxide on its upper surface, suffi- 
cient to make cleaning desirable. 

(c) Great care must be used in cleaning the cistern and mercury, 
to insure that no permanent injury to the instrument results. One 
or more very clean, dry porcelain or glass cups should be provided. 
Avoid the use of damp, unclean, or metal vessels. Clean the cups by 
thorough washing in soap and water, and wipe dry with a clean cloth, 
finally polishing the vessel with tissue or similar soft paper. Provide, 
also, some pieces of clean cloth and sheets of tissue paper for clean- 
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ing the glass parts of the cistern, and a few small sheets of clean white 
paper about 6 by 6 inches for use in filtering the mercury. A most 
convenient arrangement for work while cleaning a barometer is to be 
seated in front of a desk with a drawer at the top and side partly 
opened. This provides a convenient comer in which the barometer 
can be rested in an upright position during the process. 

( d ) The barometer should be removed from its mounting box and 
carefully inverted in the manner described in paragraph 9/(1). Un- 
screw, with one hand, the portion of the cistern marked s in figure 
41, grasping with the other hand only the narrow flange r. Next, 
separate the two wooden portions of the cistern marked i and j, by 
loosening the four screws uniting the split-ring clamp marked l and 
m. It is important that each screw be loosened a little in turn, other- 
wise an uneven strain may -be thrown on some portion of the fragile 
wooden flange and chip out a piece. After loosening of each of the 
screws, one may be taken out entirely, and the whole system of split 
rings, still interlocked by the screws, will generally unfold from around 
the cistern. Sometimes a second screw must be removed before the 
rings may be withdrawn. If the split rings become separated, they 
should afterwards be united again precisely in the original relation. 

(i e ) When removing the wooden piece j to which the leather bag is 
attached, lift it cautiously directly up from the part i so as not to 
spill the mercury, which is thereby exposed and should just about 
fill i. Hold a clean dry cup close Under the flange of i and pour the 
mercury out steadily from the cistern. The mercury will not leave 
the open end of the barometer tube so long as the latter is not raised 
much above a horizontal position, and generally not then unless the 
opening is large and the tube shaken or jarred a little. Care must 
be taken to prevent the mercury from passing out of the tube. The 
barometer is then returned to its inverted position, and the remaining 
parts of the cistern are removed by loosening the screws p. Here 
again, each screw must be loosened a little in turn to avoid chipping 
or cracking the glass cylinder/. If a small globule of mercury re- 
mains in the glass cistern, allow the latter to rest in its position while 
the boxwood piece i, the metal flange r and the screws p are removed. 
Then, holding the glass cylinder in position with the fingers, empty 
what remains of the mercury in the cistern. In handling the little 
leather washers taken from parts of the cistern, avoid wrinkling or 
creasing them or otherwise changing their form, as any injuiy of this 
kind will probably result in leaks that cannot be prevented except by 
new washers. 
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(/) One of the most difficult and delicate parts of the process of 
cleaning is that about the wooden piece g and the ivoiy point. The 
deep and narrow annular space between the glass tube and the box- 
wood is generally covered with oxide of mercury which should be 
removed thoroughly by repeated wiping with clean cloths applied 
upon the ends of slender sticks, or by similar means. Care must be 
observed to remove all lint or dust that may be introduced during 
this step in the cleaning process, because, if these are allowed to 
remain about the parts of the cistern, they will find their way quickly 
to the surface of the mercury upon which they will float about to the 
detriment of accurate adjustments. 

( g ) Cleaning of the delicate ivory point should be accomplished with 
great care. The glass cylinder of the cistern should be washed with 
soap and water and rinsed freely with applications of clean water. 
After being dried with a clean soft cloth or tissue paper, this cylinder 
should not be touched with unprotected hands, especially on the in- 
side. The remaining wooden portions of the cylinder should be wiped 
thoroughly clean and dry without touching the inside with the bare 
fingers. Shake out of the bag, so far as possible, every little particle 
of mercury that tends to remain in hidden comers and crevices. These 
little particles are very apt to be dirty and impure, and should, 
therefore, be removed. 

(h) The several parts of the cistern should be replaced in the follow- 
ing order: First, the glass cylinder, with its leather washers, one at 
each end, is placed in position, followed by the boxwood piece i and 
the metal flange ring r. The three long screws p are next to be in- 
serted and partially screwed up. While these various pieces are still 
loosely held by the screws, it is well to jostle the parts about a little 
and twist the ring and boxwood pieces upon each other and the glass 
cylinder. This will tend to bring the surfaces in the several joints 
nicely and uniformly into contact with each other, and adjust the 
ring r so that the screws are not even imperceptibly askew, but, 
when properly drawn up, produce a direct, uniformly distributed 
pressure. When the parts are thus adjusted, the screws p are to be 
tightened little by little, each one a little in turn after the others, 
until all are drawn down together equally tight. The observer must 
judge of this partly by the amount he has turned each screw and 
partly by the resistance it offers to further turning. It is not neces- 
sary that the screws be very tight. A judicious regard for these ideas 
constitutes, in part, the skill of the expert, and is the secret of perfect 
joints. To disregard them produces leaky joints and unequal pres- 
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sures that are apt to break the fragile boxwood flanges or crack the 
glass. 

(i) The next step is to filter the mercury' and restore it to the cistern. 
Using a small piece of clean paper, approximately 6" x 6", as sug- 
gested early in this paragraph, fold twice so as to provide four thick- 
nesses 3" x 3". This may now be opened into a somewhat conical 
shape, with the inner closed corner of the fold constituting the bottom 
apex of the cone. The opened fold appears as shown in figure 50. 
A small bit should be clipped or pinched off the apex of the cone so 
as to provide an opening with a diameter of about one-eighth inch. 
Holding the cone over one -of the clean cups previously provided, 
partly fill it with mercury. The mercury will flow slowly through the 
small opening of the cone, leaving the impurities of lead and oxide of 
mercury deposited along the sides of the paper. The cone should be 
kept well filled with mercury until all has been added. Do not allow 




Figure 50.— rapor pone for filtering mercury. 



the very last portion to pass through the filter. If the observer has 
only the supply of pure mercury taken from the barometer, economy 
must be exercised, but there should be no difficulty whatever in being 
able to filter and utilize the entire quantity of mercury originally in 
the barometer, and this is sufficient. 

(j) The mercury may be refiltered from one clean cup to another 
until it is judged to be pure and clean. Next, it is to be filtered into 
the cistern, directing the little stream so as to strike against the wall 
of the glass cylinder to avoid inclosing small air bubbles near or upon 
the barometer tube. When the annular space between the glass tube 
and the boxwood piece g has been filled, and the mercury has risen to 
till that part of the cistern inclosed by the glass cylinder, the open end 
of the tube should be filled completely and the mercury heaped into 
a button on the tip end. Then resume filling the cistern around the 
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boxwood piece i and the lower part of the tube. This button will 
unite with the mercury of the cistern as it rises around the tube, and 
the chances of inclosing air in the tip end of the tube are thus greatly 
reduced. In general, the cistern should be filled to the brim of the 
piece i. Before fitting the piece j, the leather bag should be pushed 
out from the inside and every effort used to detach and remove all dust 
or other foreign matter. 

(k) In securing the clamp rings, the screws should be tightened a 
little at a time, and every precaution taken to insure a closely fitting 
and uniformly tight joint. When the screws are all tightened, the 
leather bag should be thrust up into the wooden piece j and held there 
firmly by the fingers while the barometer is gradually turned right 
side up. Watch to see if any leaks appear at any of the joints. The 
mercury column should not be lowered under any circumstances at 
this time. If a leak shows, it is probably due to uneven tightening of 
the joints, and in most cases it is better to loosen the whole joint and 
shift it a little before tightening again, rather than to strain the screws 
that are already tight. 

10. Marine-type barometer. — a . Purpose . — The marine barom- 
eter, as the name implies, is specially designed for use aboard ship 
to measure the pressure exerted by the atmosphere. 

b. Description . — (1) General . — Figure 51 shows several views of a 
marine-type barometer: © is a detailed view of the barometer scales 
showing the vernier .adjusted to the top of the mercury column; 
® is an assembly view with a portion of the cistern walls cut away, 
showing the mercury in the cistern adjusted to the ivory point; and 
® is a cross-sectional view of the barometer cistern. The principal 
parts and features of this instrument have been labeled in figure 51. 
Detailed explanation of the parts mentioned above and indicated on 
the drawings will follow. The service to which a marine-type barom- 
eter is subjected is more severe than that required of a barometer 
mounted at a land station, due to the motion of the ship or vessel on 
which the instrument is mounted. Consequently, the general con- 
struction of this barometer is more rugged, and the individual parts 
are heavier than the corresponding parts of a barometer used at a land 
station. The design of this instrument embodies provisions for 
minimizing the effects produced by the rolling and pitching of a ship. 
In fact, the marine-type barometer can be used to good advantage at 
land stations where building vibrations or gusty and drafty conditions 
prevail. 

(2) Glass barometer tube . — The glass tube, supporting the column of 
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mercury balanced by atmospheric pressure, has the following con- 
structional features and dimensions as shown in figure 52. The length 
of the glass tube is approximately 34 inches. Its outside diameter is 
three-eighths inch. Along two-thirds of its length from the open end, 
the bore or inside diameter is about 0.08 inch. Along the remaining 
one-third of its length toward the sealed end, the inside diameter of 
the tube is about 0.25 inch. This means that the cross-sectional area 
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Figure 51. — Marine barometer. 

of the top or expanded portion of the tube is approximately 10 times 
the cross-sectional area of the bottom portion of the tube. Conse- 
quently, a unit volume of mercury standing, for example, 1 inch high 
in the lower two-thirds of the t u lx* would stand only one-tenth inch 
high in the upper one-third of the tube, it follows from this that 
any disturbance in the mercury starting at the open end of the barom- 
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eter tube and traveling upward toward the top of the tube, would 
be diminis hed ten times when it reached the expanded portion of the 
tube. The frictional effect of the mercury passing through the small 
portion of the barometer tube would also be a factor in reducing dis- 
turbances starting at the cistern. This upper expanded portion of the 
barometer tube is the working range over which measurements of the 
height of mercury above the cistern are taken. Therefore, it can be 
seen that disturbances in the mercury of a marine type barometer, 
caused by the motion of a ship, or sudden changes in pressure due to 
gusts of wind or drafts, will be greatly reduced as a result of the 
varying inside diameter of the barometer tube. 

(3) Metal barometer enclosure . — The glass barometer tube is sup- 




Ftoure 52. — Variable tube of marine barometer. 

ported and enclosed in a brass tube seven-eighths inch outside diam- 
eter and three-fourths inch inside diameter. This part, marked /, 
is shown in section in figure 51®. The glass tube is supported in 
its metal case in a concentric position by leather bushings at the top 
and bottom. A cork bushing acts as an intermediate support near the 
center of the tube. A swivel mounting ring for supporting the entire 
barometer is mounted at the top of the metal tube. Two three-eighths 
inch slots, about 7 inches long, diametrically opposed, are cut into the 
metal case near the top. Through these slots the top, or upper third, 
of the barometer tube and the mercury column are exposed. 

(4) Barometer scales . — On the left side of one of the openings in the 
barometer case mentioned above is a scale graduated in inches and 
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tenths of inches. On the right side of the same opening is a scale 
graduated in millimeters. This arrangement is shown in figure 51®. 
The illustration also shows a sliding vernier scale which moves up and 
down between the two fixed scales. This vernier scale is caused to 
move by turning the adjusting screw marked b. The motion is ac- 
complished by means of a small rack-and-pinion arrangement inside 
the metal case. In order to protect the barometer scales against 
corrosion due to salt-laden air and salt spray, a cylindrical inclosure 
of glass is provided. This is shown in figure 51 ® and ® . 

(5) Attached thermometer . — Since the temperature of the mercury 
in the barometer has a marked effect on the accuracy of its readings, 
it is necessary to determine this temperature accurately each time the 
barometer is read. For this purpose an accurate thermometer is 
mounted on the barometer case at about its center. There is a slot 
cut in the barometer case exposing the bulb of the thermometer to the 
air immediately surrounding the barometer tube. An inclosure pro- 
tects the bulb from the surrounding outside atmosphere. With this 
arrangement it is possible to obtain the temperature of the mercury 
in the glass tube with good accuracy. This “attached thermometer” 
is graduated for both the Fahrenheit and Centigrade scales. 

(6) Cistern . — (a) The reservoir of mercury in which the open end 
of the barometer tube is immersed is contained in an adjustable en-. 
closure called the “cistern.” This part of the marine barometer is 
shown in figure 51® and ®. The cistern is made up of two distinct 
assemblies. The unit which actually contains the reservoir of mer- 
cury is the movable part, which can be adjusted so that the level of 
the mercury in it can be brought to a fixed reference point with respect 
to the barometer scales. The other assembly is the frame of the 
cistern, which supports the movable reservoir and the adjusting screw. 

(b) Referring to figure 51®, the parts of the cistern frame are 
lettered c, d , e, A, i, and q. The top flange c screws on to the barometer 
case/. The glass barometer tube g passes through c and is supported 
by a leather bushing g. The bottom flange d is supported from the top 
flange c by frame e. Frame e is in the form of a cylindrical tube from 
which most of the cylindrical surface has been cut out for visibility 
into the cistern, leaving but three narrow spokes for supporting flange 
d from flange c. This frame e screws into both flanges c and d . The 
adjusting nut i is fastened to the flange d in such a way that it can be 
rotated only. When the nut i engages the screw r, it can be seen that 
when i is turned one way or the other, the screw r will move up or 
down with respect to the stationary frame of the cistern. The moving, 
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or adjustable, part of the cistern which actually holds the reservoir of 
mercury, is mounted on the screw r. When properly adjusted, the 
surface of the mercury in this container should just touch the tip of 
the ivory point h. This mercury container is so constructed that the 
mercury comes in contact with no metallic parts whatsoever. Part j 
is a boxwood disc through which pass both the barometer tube and the 
ivory point sealed with leather bushings. Part k is shaped somewhat 
like the frustum of a cone and has a soft rubber cap p. A glass cyl- 
inder l separates the two boxwood disks through a pair of thin kid- 
leather washers, and these parts are held tightly together by a metal 
case consisting of two circular pieces, m and n, attached by screw 
threads to the metal cylinder o. This cylinder o is cut away in the 
same way that cylinder e is cut away, so that the level of the mercury 
within the glass cylinder may be seen. Part n is fastened to the screw 
r, and in this way the reservoir of mercury can be moved up and down 
and its level adjusted to the tip of the ivory point. When the mercury 
in the cistern is raised as high as possible, the rubber cap p is pressed 
against the open end of the glass barometer tube .and effectively seals 
it. The barometer is always sealed in this manner when it is moved 
from one location to another. 

(7) Ivory point . — The height of a column of mercury above the 
level of the mercury in a cistern will vary, due to changing atmos- 
pheric pressure. The useful range of a barometer is usually between 
about 26 and 32 inches. Therefore, it is not necessary to use a care- 
fully graduated scale for more than the above range. Thus it will be 
seen in figure 51® that only a detached portion of a measuring scale 
need be used on a barometer. If this is the case, it is necessary to 
know where the zero end of the scale is located, and for this purpose a 
small inverted conical shaped piece of ivory is mounted on a stationary 
portion of the cistern on the upper flange c. This ivory point extends 
downward through the boxwood piece j into the inclosure containing 
the mercury reservoir. The very tip of the ivory point is said to be 
the zero end of the barometer scale. Since atmospheric pressure is 
constantly changing, the level of the mercury in the cistern will not 
always be the same, due to the rise or fall of the mercury in the baro- 
meter tube. It is, therefore, apparent that each time the barometer 
is read, it is necessary to adjust the level of the mercury in the cistern 
to the tip of the ivory point, or zero end of the barometer scale. 

c. Care of marine type barometer. — (1) To move . — Since the barome- 
ter is a precise and carefully constructed instrument, it can be damaged 
easily or made unfit for accurate service by rough or improper handling. 
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Whenever it is required that the barometer be moved from one loca- 
tion to another, it should always be held in an upright and vertical 
position. Before the barometer is removed from its suspension hook, 
the cistern should be raised as far as possible with the adjusting knob, 
so that the rubber pad on the lower boxwood piece k will seal the open 
end of the glass barometer tube. It is impossible to fill the barometer 
tube completely with mercury by raising the cistern, but the level in 
the glass tube will be raised appreciably. The barometer may now 
be removed carefully from its suspension hook and moved to the 
desired new location. During actual handling of the barometer, all 
motions should be made with much care in order to minimize the strain 
of mercury acting against glass parts. After the barometer has been 
installed in its new location, the level of the mercury in the cistern 
should be lowered to a point just below the tip of the ivory point. 
The barometer is now ready for use. 

(2) Preparation for shipment . — Figure 49 shows the type of box 
that should be used for shipping a mercury barometer. Its features 
provide stability for the barometer in a vertical position and eliminate 
necessity for nailing down the cover, which precludes any jarring or 
shock due to this process. After a box has boon prepared, the mercury 
in the cistern should be raised as high as possible so that the barometer 
tube is closed by the rubber pad. Then it may be removed from its 
mounting to be wrapped. The first covering should be of soft paper; 
next, a layer of sheet cotton; and finally, a covering of heavy wrapping 
paper. The barometer is then suspended from its mounting ring in 
the wood box, and the empty space in the box is filled with excelsior 
or other packing material. The box cover is then screwed into place, 
using wood screws, and the barometer is ready for shipment. 

11. Fixed-cistern barometer. — a. Purpose. — The fixed-cistern 
barometer is used to measure accurately the pressure exerted by the 
atmosphere. 

b. Description . — (1) General. — Unlike adjustable-cistern barome- 
ters, this type of instrument measures the height of a column of mer- 
cury above a cistern by means of a scale which does not represent 
actual units of length. The scale, fixed to the frame of the barometer, 
is compensated for the movement of the level of the mercury in the 
cistern due to changing atmospheric pressure. Rugged constructional 
features of this barometer, and its simplicity of operation, make it 
suitable for use as a marine instrument aboard ship. 

(2) Contracted barometer scale. — The relation between the true 
length of a column of mercury and the observed position of its top in 
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a fixed-cistern barometer depends on the relation between the inside 
areas of the cistern and the barometer tube. When this relation has 
once been worked out, it is then necessary, in reading the barometer, to 
observe only the position of the top of the column, and to apply a 
“correction for capacity.” As the correction for capacity in baro- 
meters with fixed cisterns remains the same so long as the quantity 
of mercury in the barometer and the inside areas of the tube and 
cistern are unchanged, it will not be necessary to apply a capacity 
correction to every reading made, provided a scale is used on the 
barometer having all its divisions modified by just the proper amount 
to compensate for the capacity effect. For example, suppose the top 




Figure 63. — Fixed-cistern barometer. 

of a column of mercury in a barometer is just 30 inches above the 
cistern level. Assume the sectional area of the barometer tube at 
the top is one-fiftieth as great as that of the cistern. Imagine the 
column of mercury in the tube to rise 1 inch. It will appear to become 
31 inches high, but when the column rises 1 inch, the mercury in the 
cistern falls one-fiftieth of an inch, and thus the real height of the 
column must be 3lKo inches. From this it may be said that each 
inch of the scale represents 1% 0 inches of change in the real height of 
the mercury column. If a special scale is prepared, having the spaces 
representing inches, each one fifty-first part of an inch shorter than a 
true inch, then readings of this assumed barometer on such a scale 
will indicate the true height of the column of mercury above the 
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cistern. It is assumed that the sectional areas of the tube and cistern 
are uniform, and that the scale is adjusted to a proper distance from 
the cistern. By methods of calibration, manufacturers are able to 
construct scales and barometers of great accuracy in accordance with 
the above principles, and they are very convenient to use. 

(3) Fixed cistern . — Figure 53 shows a cross section of the fixed 
cistern. A special feature of the barometer is the means provided 
for filling the cistern and tube with mercury so that the barometer 
can be shipped safely from place to place. To fill the cistern with 
mercury, the barometer is first very carefully and gradually inclined 
and inverted. When fully inverted, there is just enough mercury 
to fill the cistern to the throat of the contracted portion at g . Upon 
screwing up of the milled head h, the plate g closes against the bottom 
of the cistern and completely encloses the mercury, with a small 
amount of free space left for expansion. If the barometer is now 
turned erect, the mercury column cannot descend unless the screw h 
is loosened, whereupon the mercury would flow into the previously 
unoccupied space below the plate g and would permit the column to 
resume its normal level. The barometer tube has an expanded 
bulbous section, shown at a, for the purpose of securing the tube in a 
fixed position with respect to the cistern. The packing j is held 
compressed about a by the locking bushing i . The vent k is provided 
for allowing free action of the atmospheric pressure on the surface of - 
the mercury in the cistern. The cap d is put on and securely screwed 
down when the barometer is inverted and prepared for shipment. 

(4) Capacity correction . — It is evident that by sliding the scale of a 
fixed-cistern barometer up or down, it can be so adjusted that a 
reading at some one point is just right. For example, place the 
30-inch mark so that when the top of the column is at this mark, the 
surface of the mercury in the cistern is just 30 inches below. If the 
sectional area of the tube is a, and that of the cistern is A , then, when 
the mercury column in the tube rises one scale division, the fall in 

the cistern will be only ^ P ai *t °f one division. That is, the correc- 
tion for a scale reading just one division above the 30-inch mark is 
divisions; for a reading two divisions above, the correction is 

+ 2 3’ etc. This, expressed in a mathematical formula, * becomes: 

Correction: C=(h—R 0 
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in which R 0 is the reading at which the correction is zero and h is 
the observed reading, uncorrected for temperature. 

c. Preparation for shipment . — The fixed-cistern barometer may be 
shipped in its normal vertical position. First, however, the barometer 
tube and cistern must be completely filled with mercury. This is 
done as described in paragraph 116(3). The barometer may then 
be wrapped and suspended in a packing box in the same manner as 
outlined for the Fortin-type and marine-type barometers previously 
described. 

d. Care . — Since the accuracy of this type of barometer is dependent 
on having a correct amount of mercury in its cistern, it is important 
that no leaks develop in the cistern. It will never be necessary to 
dismantle this type of barometer to clean the mercury, as a perfectly 
clean surface of mercury is not essential for reading or setting. In 
the event that a barometer tube is broken, it will generally be neces- 
sary to replace not only the tube but also the barometer scale, since 
it is obvious that it would be difficult to find another tube so nearly 
the same size as the old one that it could be used with the old scale. 

12. Barograph. — a. Purpose . — The barograph is a sensitive re- 
cording-type instrument used to obtain a continuous and automatic 
record of atmospheric pressures exerted at a given location over a 
period of time. 

6. Description. — (1) General . — The essential units required for a 
barograph are, first, an operating element which is sensitive to changes 
in atmospheric pressure, and second, a reliable and accurate clock 
mechanism. The motion derived from an operating element, which 
either expands or contracts due to the action of atmospheric pressure, 
is amplified or increased by means of a system of levers, and is trans- 
mitted to a pen which leaves a mark on a chart graduated in suitable 
units of pressure. The clock mechanism is used to move the chart 
under the pen. The result of such an arrangement is a two-dimen- 
sional trace indicating the value of the atmospheric pressure at any 
time during the period covered *by the chart. The “sylphon” cell 
is a well-known type of operating element which is sensitive to changes 
in atmospheric pressure. In figure 54 is shown a sketch of a barograph 
mechanism with all the principal parts labeled. 

(2) Sylphon cell. — (a) Figure 55 shows the barograph operating 
element or sylphon cell, in a cross-sectional view. It is in a form that 
may be described as a cylinder, made of thin, hard brass, silver 
plated, having a very thin but deeply corrugated surface. It can 
be seen that this cell may be either expanded or compressed consider- 
ably along its central axis. This sylphon cell is made sensitive to 
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atmospheric pressure by exhausting most of the air from its interior. 
A strong coil spring centrally located inside the cell prevents the ele- 
ment from collapsing due to the outside atmospheric pressure. Thus, 
the force due to the atmosphere’s weight is balanced by a spring in 
much the same manner that a weight is balanced by a spring scale. 
It is now only necessary to attach a pointer to the cell so that the 
amount of compression or expansion of the coil spring is indicated when 
the atmospheric pressure increases or decreases. 

(6) It is clear, then, that an increase in atmospheric pressure will 
tend to compress the sylphon cell and a decrease in atmospheric 
pressure will allow the cell to expand. On the barograph, one end of 
this element is fixed and the other end is free to move and to operate 
a pen through a system of levers. The arrangement is such that a 
decrease in pressure will cause the pen arm to drop, while an increase 




in pressure will cause the pen to be lifted. The lever system is so 
arranged that a pressure change is shown on the barograph chart 
with a movement of the pen at the same rate that the mercury in 
a mercury barometer rises or falls. In other words, if the mercury 
in a barometer rises 1 inch during a given period, the pen point on 
the barograph will also rise 1 inch on the chart. Unlike the barom- 
eter, however, the barograph does not require temperature corrections. 
It is a fact that metals weaken and lose resilience when heated, and 
consequently a weakening of the spring in the sylphon cell could be 
expected when the barograph is operating under high temperatures. 
Such a condition would call for a correction applied to the readings 
thus obtained. However, the amount of air left in the sylphon cell 
is so calculated that its expansion due to heat will cause an internal 
pressure in the cell which just balances the weakening of the spring 
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caused by heating. In this way, errors due to high temperatures 
affecting the parts of a barograph are counteracted. 

(3) Adjusting screw. — On the right end of the barograph frame is 
a milled-head screw which is used to adjust the fixed end of the sylphon 
cell. This adjustment in turn sets the pen point of the instrument 
to any desired pressure on the chart. Figure 56 shows the mechanical 
arrangement which permits the fixed end of the sylphon cell to be 
adjusted. 

(4) Pen arm. — The constant-pressure-type pen arm used on the 
barograph is similar to that used on the thermograph, the major 
difference being the length. On the barograph the length of the 




Figure 56. — Adjusting screw. 



pen arm is 7 inches. See paragraph 76(4) for full details of the ther- 
mograph pen arm. 

(5) Pen. — Paragraph 76(3) fully describes the pen used on the ther- 
mograph, which is exactly the saint* as used on the barograph. 

(6) Clock unit. — Paragraph 76(2) fully describes the clock unit used 
on the thermograph, which is the same as used on the barograph 
except that for the barograph there is no provision for converting the 
unit to daily rotation of the drum. 

c. Installation. — The primary care in choosing a suitable operating 
position for the barograph is that the instrument should not be sub- 
jected to jarring and vibration. If such a location cannot be found, 
it will be necessary to mount the instrument on sponge rubber pads 
or light coil springs, to remove the effects of jarring. Although the 
barograph is compensated for high temperatures, it should not be 
exposed to excessive heat or sudden changes in temperature. It 
should never be exposed to direct or reflected sunlight. Care should 
also be taken that the instrument is not located in an area subject 
to drafts or sudden movements of air. 

d. Reading the barograph.— The barograph chart is graduated in 
inches of mercury at actual scale. The usual range for barograph 
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charts is from 28 inches to 31 inches. Each inch is subdivided into 
20 divisions, making the smallest graduation equal to 0.05 inch. 
When reading the barograph, it is necessary to obtain a reading to 
the nearest 0.01 inch. Therefore, in order to do this, the location 
of the barograph trace must be estimated to the nearest one-fifth of 
the smallest graduation. 

e. Care. — (1) Clock unit . — The barograph clock unit is s imil ar to 




that used in the thermograph, and full instructions concerning its care 
are given in paragraph 7e(l) . 

(2) Barograph time error . — The barograph is subject to the same 
time error which occurs in the thermograph. The method of keeping 
the barograph operating on correct time is the same as that discussed 
in paragraph 7e(2). 

(3) Pen . — The pen used on the barograph is the same as the ther- 
mograph pen and is fully discussed in paragraph 7e(3). 

(4) Pressure error . — At the time of changing the barograph chart 
or record sheet, the barograph should be adjusted so that the new 
record starts with the true station pressure as obtained from a read- 
ing of the mercury barometer. In adjusting the pen to the proper 
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pressure, the base of the barograph should be lightly tapped in order 
to settle the various moving parts and to take up any lost motion 
in the lever linkages. The pen should rest at its proper setting after 
the instrument has been tapped. 

(5) Bearings . — The bearings supporting the front and rear hori- 
zontal axes (shown in figure 54) should be kept free of dust and 
lubricated occasionally with a drop or two of clock oil. 

13. Microbarograph. — a. Purpose . — The microbarograph is a 
very sensitive recording-type instrument used to obtain a continuous 
and automatic record of the atmospheric pressures exerted at a given 
location over a period of time. 

b. Description. — (1) General . — The microbarograph is similar in 
many ways to the barograph. However, some of the refinements 
which have been incorporated in it make it a much more useful 
instrument than the barograph. An expanded open-scale record 
sheet and a correspondingly greater pen-arm movement for a given 
pressure change, make it easier to obtain a more accurate pressure 
reading or pressure tendency. Figure 57 shows the microbarograph 
with its cover removed and its essential parts labeled. 

(2) Sylphon unit . — The sylphon unit of the microbarograph is made 
of two sylphon colls, such as that used on the barograph. They are 
fastened together, one over the other, and are suspended in the metal 
cylinder shown in figure 57. The top of the upper cell is attached to 
an adjusting screw at the top of the mounting cylinder, and the bottom 
of the lower cell is free to move with changes in atmospheric pressure. 
The pen arm is, therefore, connected to this lower cell through a 
system of levers. Adjustment of the pen point to a desired pressure 
reading on the chart, is accomplished by turning the adjusting screw 
on top of the metal cylinder. The combined motion of the two sylphon 
cells working together provides a greater movement of the pen arm for 
a given pressure change. This permits the use of a record sheet with 
an expanded scale and, accordingly, more accurate readings of pres- 
sures and pressure tendencies may be obtained. The lever system 
from the sylphon unit to the pen arm is so adjusted that the pen moves 
2% times the amount that mercury moves in a barometer for a given 
pressure change. 

(3) Pen arm . — The constant-pressure-type pen arm used on the 
microbarograph is similar to those used on the thermograph and baro- 
graph. One difference is that the length of the pen arm for the micro- 
barograph is 7.G25 inches. The design of the tilted pivot which holds 
the pen on the record sheet with constant pressure is somew hat different 
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from the design used on the other recording instruments mentioned. 
Figure 58 shows the details of this item. 

(4) Pen . — The pen used on the microbarograph is the same as used 
on the thermograph, and is fully described in paragraph 76(3). 

(5) Clock unit . — The microbarograph clock unit is similar to the one 
used on the barograph. Since the microbarograph chart is expanded 
and is larger than the barograph chart, the microbarograph drum is 
considerably longer than either the thermograph or barograph drum. 
The time element is also expanded, and the microbarograph drum 
makes one complete revolution in 4 days. See paragraph 76(2) for 
full details of the clock mechanism. 

(6) Dash pot . — Since the microbarograph is a very sensitive instru- 
ment, some provision must be made to minimize disturbances due to 
mechanical vibration and accidental jarring. For this purpose an 
extension of the pen arm lever is attached to a device known as a “dash 
pot.” It consists of a piston with a small pinhole in it, operating in a 



//or/ronfa/ dx/4 




cylinder full of liquid. When a moving force is applied to the piston > 
its motion will be retarded by the friction of the liquid in the cylinder 
being displaced through the small hole in the piston. Figure 59 shows 
a cross-sectional view of the dash-pot mechanism which is used on the 
microbarograph. It can be seen that this device will greatly reduce 
the effect of disturbances that may be transmitted to the pen arm of 
the microbarograph. At the same time there is no interference with 
the motion of the pen arm due to changes in atmospheric pressure, as 
this motion takes place slowly and gradually and the retarding effect 
of the dash pot for such slow movements is negligible. 

c. Installation . — When a microbarograph is being installed, the same 
care and precautions should be taken as for the barograph. This mat- 
ter is fully discussed in paragraph 12c. 

d. Reading microbarograph . — The microbarograph chart is graduated 
in inches of mercury at 2% times actual scale. The range of the chart 
is 2% inches of mercury. However, an actual range, in inches, such as 
28 inches to 30 inches, is not placed on the chart. This is left to be 
filled in at the station where the instrument is in operation. In this 
way the same chart or record sheet may be used at any location where 
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the pressure range may be in the high or low pressures. Since the 
microbarograph chart is expanded to 2% times the scale of the barograph 
chart, the smallest pressure graduation on this chart will be 0.02 inch 
of mercury. Pressure readings are taken to the nearest 0.01 inch, and 
pressure tendency readings are estimated to the nearest 0.005 inch. 

e. Care. — (1) Clock unit . — The microbarograph clock unit is similar 
to that used in the thermograph, and full instructions concerning its 
care are given in paragraph 7e(l). 

(2) Microbarograph time error . — The microbarograph is subject to 
the same time error which occurs in the thermograph. The method 




of keeping the microbarograph operating on correct time is the same 
as discussed in paragraph 7e(2). 

(3) Pen . — The pen used on the micro barograph is the same as the 
thermograph pen and is fully discussed in paragraph 76(3). 

(4) Pressure error . — The microbarograph is subject to the same 
pressure error as the barograph. To insure that the microbarograph 
will record the correct pressures, the procedure is the same as described 
in paragraph 12c (4). 

(5) Dash pot . — Before the instrument is placed in service, the dash 
pot must be filled with a special liquid provided for the purpose. 
When the dash-pot cylinder is filled, the level of the liquid must not be 
higher than within one-half inch of the top. The piston should be 
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removed before the liquid is poured into the cylinder, so that no air 
bubbles will collect under it. It is obvious that air trapped under the 
piston of the dash-pot mechanism would tend to give the pen arm 
added displacement, due to expansion of the air bubbles with an in- 
crease in temperature. Such a condition would cause a considerable 
error in pressure readings. Also, the piston should never be in con- 
tact with the surface of the liquid in the dash pot, as surface tension 
would tend to deflect the pen arm from a true pressure reading. The 
fluid used in the dash pot of a microbarograph is hygroscopic and tends 
to collect moisture from the atmosphere. At times there may be 




enough moisture collected in the dash pot to raise the level of the 
liquid to the top of the cylinder. If this should happen, the excess 
liquid should be removed with an eyedropper. 

14. Eight-inch rain and snow gage. — a. Purpose . — The 8-inch 
rain and snow gage is used to measure the amount of precipitation 
falling at a station, either as rain or snow. 

b. Description . — (1) General . — Figure 60 shows the component 
parts of the 8-inch rain and snow gage in a partial section view of the 
instrument. The tripod d is made of iron, painted with black as- 
phaltum; the collector a, the overflow can 6, and the measuring tube c 
are all made of copper or brass. Since this rain gage is exposed to 
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every kind of weather, it should be impervious to corrosion and oxida- 
tion. Consequently, the various parts are of materials which are cor- 
rosion resistant and will endure long periods of exposure to weather 
without deterioration. The measuring stick, shown in figure 61, 
completes the 8-inch rain and snow gage assembly. 

(2) Collector. — The top ring of the collector is made of seamless 
brass tubing, 8 inches inside diameter, with the outside beveled to a 
sharp knife edge at the top. This is done to define sharply the area of 
collection, and to discriminate against borderline drops of rain which 
might roll or splash into the collector due to a wide and blunt edge. 
The funnel portion of the collector is of copper and has a five-eighths 
inch opening at the apex, a hole large enough to pass the measuring 
stick. A copper band e forms a sleeve which covers the opening where 
the collector rests on the overflow can. This prevents the entry of 
rain into the overflow can except by way of the collector. In the 

1 ]lx r r:,3 

Figure 61. — Measuring stick. 

same way, / is a sleeve which fits over the measuring tube c and holds 
it centrally in the overflow can. 

(3) Overflow can . — The overflow can b is made of copper, has an 
inside diameter of 8 inches, and is 24 inches deep. This serves as a 
container for the water which overflows from the measuring tube c 
after it is filled. There is a circular concentric depression in the bottom 
of this can in which the measuring tube normally rests. 

(4) Measuring tube. — The measuring tube c is made of seamless 
brass tubing, 2.53 inches inside diameter, and 20 inches deep. The 
cross-sectional area of this tube is one-tenth that of the collector and 
the overflow can. Consequently, if enough rain fell through the 
collector to rise to a depth of 1 inch in the overflow can, the same 
amount of water would rise to a depth of 10 inches in the measuring 
tube. Since the measuring tube is exactly 20 inches deep, it will 
measure 2 inches of rainfall. 

(5) Measuring stick. — The measuring stick, used for measuring the 
depth of rain catch, is made Of red cedar wood. It is nine-sixteenths 
inch wide, one-eighth inch thick, and 24 inches long. The reddish 
color permits the water mark to show clearly, and the wood texture 
does not permit rapid capillary action, thus making the water line 
clearly defined. The stick is graduated in tenths of an inch. Since 
the cross-sectional area of the measuring tube is one-tenth the area 
of the collector, the depth of rain is multiplied by 10 as it is directed 



90 



Digitized by v^ooQle 




THE WEATHER OBSERVER 



TM 1-235 
14 



into the measuring tube. Thus, as the measuring stick is used only in 
the measuring tube, each of the one-tenth inch graduations thereon 
indicates only one one-hundredth inch of rainfall over the horizontal 
section of the collector. When used for measuring the depth of 
snowfall, the graduations of the measuring stick are used directly 
without conversion, remembering that each interval between markings 
is one-tenth inch. 

c. Installation . — In general, rain gages should be placed in the 
open, away from tall obstructions such as high buildings, tall trees, 
etc. Low obstructions, such as bushes, walls, or fences, if not 
appreciably higher than the rain gage and not closer to the gage than 
the height of the obstruction, are actually beneficial in breaking up the 
force of the wind which tends to carry away rain that ordinarily would 
fall into the collector. The gage should be installed securely so that 
the instrument cannot be blown from its support. Provision is 
made in the tripod support for the employment of heavy screws or 
spikes for this purpose. Rain gages should be installed so that they 
are as level as possible, since the circular area of the collector will 
decrease as the instrument is tilted and the projection of the circle 
becomes elliptical. Level ground exposures should be chosen for the 
rain gage whenever possible, but if it is mounted on a roof, the roof 
should be level and the gage should be placed centrally. 

d. Use . — The amount of rainfall is measured to the nearest 0.01 inch 
by inserting the measuring stick slowly into the measuring tube 
through the opening in the collector until it strikes the bottom of the 
measuring tube. The stick is held in this position for a moment and 
withdrawn. Then it is read to the highest graduation which has 
become wet. In event that the rainfall measurement shows less than 
0.01 inch, this should be recorded as a “trace.” If more than 2 inches 
of rain have fallen, the measuring tube will have overflowed and the 
excess water will have found its way into the overflow can. The water 
in the measuring tube is emptied and 2 inches of rain are accounted for. 
The remaining water in the overflow can is then measured in the 
measuring tube and added to the 2 inches already recorded. In 
freezing weather, the measuring tube and the collector are removed 
from the gage assembly and kept inside. To measure the amount of 
snow, sleet, or hail that has fallen into the overflow can during freez- 
ing weather, take the overflow can containing the precipitation inside 
and add a measuring tube full of hot water. When the snow or sleet 
bas melted, pour off a measuring tube full of water, and measure the 
remainder of the melted snow or sleet as described above to obtain 
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the “water equivalent.” Since snow is usually blowing or drifting 
with the wind, a more correct or accurate method of measuring the 
water equivalent is to invert the overflow can in an average depth of 
snow and, by slipping a thin plate in under the can, pick up the snow 
and melt it in the manner described above. 

e. Care. — The lower funnel portion of the collector and the measur- 
ing tube are subject to damage during freezing weather. Accordingly, 
both the collector and the measuring tube should be removed from 
the overflow portion of the gage and stored inside the station during 
all freezing weather. The overflow can should be cleaned regularly 
to keep out any collection of sediment or other material that may 
have fallen into it. The whole rain-gage assembly should be scorned 
at intervals when required. If the tripod begins to show rusty spots, 
these should be painted over with a good grade of asphaltum paint. 

15. Tipping-bucket rain gage. — a . Purpose . — The tipping-bucket 
rain gage is designed as an electrical transmitting rain gage, to be 
used in conjunction with the quadruple register, for the purpose of 
making remote indoor records of the amount and rate of rainfall. 

b . Description . — (1) General . — The tipping-bucket rain gage con- 
sists of a collector ring with funnel, an overflow reservoir, and a tip- 
ping bucket, all mounted on a tripod support. A special check 
measuring tube and a measuring stick are furnished with each 
instrument. 

(2) Collector . — The top ring of the collector a (fig. 62) is made of 
seamless brass tubing, 12 inches inside diameter, with the outside 
beveled to a sharp knife edge at the top. The funnel portion of the 
collector is of sheet steel, and it has a one-quarter inch opening at 
the apex fitted with a short nozzle/. The band e forms a sleeve which 
covers the opening where the collector rests on the overflow reservoir, 
preventing entry of rain into the instrument except through the 
collector. 

(3) Overflow reservoir . — In figure 62, b indicates the overflow reser- 
voir, which is made of sheet steel. It is equipped with an inspection 
door g, through which the tipping-bucket mechanism may be adjusted. 
There is a protective canopy over this door which prevents rain from 
entering into the overflow reservoir. The bottom of the overflow 
reservoir is funnel-shaped and has a spigot at its apex for drawing 
off the water which has been collected. Both the overflow reservoir 
and the collector are usually protected by aluminum paint. 

(4) Measuring tube . — The measuring tube provided with the tip- 
ping-bucket rain gage is a cylindrical brass vessel with an inside 
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diameter of 3.8 inches. Its cross-sectional area is one-tenth the col- 
lecting area of the collector. Thus, as water is drawn from the over- 
flow reservoir into this measuring tube for check measurements, its 
depth is multiplied 10 times, compared to the depth of rainfall as it 
would be over the horizontal collecting area. The tube is 10 inches 
deep and when full would contain an amount of water 1 inch deep 
over the circular horizontal collecting area of 12 inches diameter. 




(5) Measuring stick . — The measuring stick used with this instru- 
ment is exactly the same as used with the 8-inch rain gage and is 
fully described in paragraph 146(5). 

(6) Tipping bucket . — (a) The tipping bucket is the mechanism 
which permits recording of the amount and rate of rainfall. Figure 
63 shows the tipping-bucket unit removed from the rain gage. The 
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bucket a is a symmetrical container having a separator baffle l at 
its center. This bucket is mounted between the two framed bars b on 
the pair of trunnions in such a manner that it can be balanced in a 
horizontal position, and also, if the bucket is rotated a small amount 
past the horizontal, it will continue to turn, due to its imbalanced 
weight, until it is stopped by the projection e striking the frame bar. 
The tipping-bucket trunnions rest in a pair of bearing holes provided 
in the frames b. In figure 63 a slot i on the front frame bar provides 
a housing for the front end of the bucket axis. There is a hole drilled 
into the side of the rear frame bar which provides a housing for the 
rear end of the bucket axis. A pair of adjusting screws h is provided 
to keep the tipping bucket centered in the frame. This mechanism 
is mounted in the rain gage just under the collector funnel, so that 
the rotating axis of the bucket is directly under the nozzle j of the 
collector (fig. 62). As water from the collector is directed into one 
section of the bucket through the nozzle, the bucket will become un- 




Fiqure 63.— Tipping bucket. 



balanced when this section contains just that amount of water which 
is sufficient to cover the collector area to a depth of 0.01 inch. At 
this time, the bucket will rotate about its axis, emptying the collected 
water into the overflow reservoir and, at the same time, bringing the 
other section of the bucket into position under the collector to receive 
the succeeding rainfall. It requires approximately three-tenths of a 
second for the bucket to complete its motion, once the state of un- 
balance is established. During rapid rates of rainfall, an appreciable 
amount of water will enter through the collector before the next com- 
partment is in position. Thus, under such conditions, the recorded 
amount will be less than that collected in the overflow reservoir. 

(6) The provision for automatic recording of the rate and amount of 
rainfall can be understood by reference to figure 63. The binding 
posts for attachment of the wires leading from the recorder are shown 
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at/ and g. Note that binding post / is connected electrically direct 
to the metal frame of the tipping-bucket assembly. Binding post g 
is insulated from this frame by strips of insulating material. As the 
bucket tips in either direction, a cam, which is not shown in this figure 
but which is located on the bottom of the front edge of the bucket, 
depresses the long spring contact arm m, making contact with a small 
platinum contact at/ From here the circuit runs through the vertical 
rod k to the frame and back to the other side of the circuit through 
binding post /. The contact at j is made shortly after the bucket 
begins to tip. As the tip is completed, the cam moves to such a posi- 
tion as to release the spring arm m and the circuit is opened at j. 

(c) In order to insure continuous operation of the recording circuit 
if the contact electrode j should become fouled, an auxiliary cam and 
spring contact are located on the rear side of the bucket and frame. 
The circuit through this auxiliary arrangement would be from bind- 
ing post g through spring arm m to the front cam, through the bucket 
to the rear cam and spring, to the rear side of the frame, through con- 
necting bar d to bindmg post/. The hard rubber blocks c are used to 
insulate the frame of the tipping-bucket mounting from the walls of 
the overflow reservoir. The electric circuit wires are led from the 
binding posts / and g through a shielded aperture in the side of the 
overflow reservoir. 

c. Installation . — The same rules that apply to installation of the 
8-inch rain gage apply to installation of the tipping-bucket rain gage 
and are fully discussed in paragraph 14c. 

d. Care. — (1) The tipping-bucket rain gage is used for measurement 
of rainfall only. During freezing weather, the tipping bucket should 
be removed and stored in the station and the collector should be 
covered with heavy canvas which is stretched tightly and tied securely 
to several points about the support rings. It is also good practice to 
keep the drain spigot turned to the open position. 

(2) The frame which holds the tipping bucket must always be 
maintained in a perfectly level position. This should be checked and 
adjusted with the aid of a small spirit level at least once during each 
month. Adjustments can be made through the attachments of the 
hard rubber insulating blocks c to the walls of the overflow reservoir. 

(3) The front and rear bearings of the tipping-bucket axis must be 
maintained clean and freely operating. This can be done readily by 
removing the bucket, wiping off the ends of the axis with a clean soft 
cloth, and cleaning the slot i and the axis bearing in the rear bar b by 
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use of a small piece of clean cloth wrapped about a small wood splinter 
or match stick. Before reinstalling the bucket, a small drop of watch 
oil should be placed in each bearing. This feature of the care of the 
instrument should be accomplished once during each week. 

(4) The electrical contact,; and the spring contact on the rear frame 
bar should be cleaned weekly. This should be done by using a piece 
of fine emery cloth. 

(5) The cams on the front and rear sides of the bucket must be kept 
clean so that they will ride freely over the projections on the contact 
springs. These cams may be cleaned when the bucket is removed for 
the purpose of cleaning the bearings. 

(6) At least once during each month of the nonfreezing season the 
bucket mechanism should be tested for accuracy in recording. This 
is done by placing a known amount of water in the measuring tube 
and slowly pouring this into the collector. The tipping of the bucket 
back and forth should be observed carefully to see that it is properly 
balanced. Sometimes it will be observed that one compartment of 
the bucket will require more water to cause an unbalance than the 
other. This suggests that the frame is not level, and correction should 
be made at once. Further, after the full amount of water has been 
poured into the collector, the automatic record should be checked to 
see how closely the record agrees with the known amount of water 
used. Usually the recorded amount will be slightly less than the 
measured value, due to the amount adhering to the walls of the 
measuring tube and the collector. If the tipping bucket is in satis- 
factory adjustment, the record should agree with the measured value 
within 10 percent. In making this test, never use less than 0.50 inch 
of water. If the measured and recorded values are not in agreement 
within 10 percent, the bucket mechanism must be adjusted further. 

16. Theodolite. — a. Purpose . — The theodolite is a specialized 
form of a surveying instrument, used to follow the movement of pilot 
balloons as they move upward through the atmosphere and are carried 
by the air flow at various levels. Reading of the elevation and azi- 
muth angles at regular intervals enables the speed and direction of the 
winds at various levels to be measured. 

b. Description. — (1) General . — The theodolite, in front and side 
views, is shown in figure 64® and ®. It is a telescope with a 
magnifying power of about 25 diameters. It is arranged so that the 
objective may be rotated completely about a vertical axis, and about 
a horizontal axis, through all angles from about —35°. It is equipped 
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with a local battery circuit for illuminating the cross hairs and scales 
for night observations. Verniers are attached to the horizontal and 
vertical tangent screws. Other features are those common to all first- 
class surveying transits and are shown and labeled in figure 64. 

(2) Shifting tripod head . — The theodolite is mounted on the tripod by 
means of a heavy circular brass flange threaded to fit over a correspond- 
ingly threaded flat stud on the tripod. The instrument itself rests on a 
flat portion of this flange, supported by four adjustable thumbscrews 
used for leveling. A circular hole in the center of the mounting head, 
or flange, permits the theodolite to be shifted in any direction about 
three-eighths inch from exact center. This adjustment is for making 
a final setting of the instrument by means of a plumb bob over a closely 
defined reference mark. Provision is made for suspending a plumb 
bob from a short brass chain attached to the center of the theodolite 
vertical shaft. 

(3) Leveling screws . — Resting on the mounting head, through conical 
shaped feet, and supporting the theodolite through a spreader frame, 
are four thumbscrews used for leveling the instrument. They are 
evenly spaced 90° apart, and are so arranged that each pair of dia- 
metrically opposed screws, when simultaneously turned in opposite 
directions, tilt the instrument one way or the other. 

(4) Base-plate clamp . — Directly above the spreader frame support- 
ing the leveling screws, is a split collar which can be clamped tightly 
around the hub of the instrument base plate by tightening an extend- 
ing screw. Off to one side of this split collar and integral with it, is a 
frame supporting another adjusting screw which acts against a pro- 
jection on the spreader frame of the leveling screws over a very limited 
range. This screw, called the “slow motion” screw, has the effect of 
slowly rotating the base plate of the instrument when the base plate 
clamp is tight. This slow motion screw is useful in making minor 
adjustments in the orientation of the instrument about its vertical 
axis, without disturbing the azimuth setting on the horizontal scale. 

(5) Base plate . — The horizontal circle, which is graduated in degrees, 
is an integral part of the theodolite base plate. This part is a brass 
disk, flat on one side and slightly conical on the other, with gear teeth 
cut around the entire circumference. A substantial hub extends from 
the conical under surface down through the base-plate clamp. The 
hub of this base plate is bored out to accommodate a vertical shaft 
which supports the telescope frame which rides over the base plate. 
It can be seen that if the zero of the horizontal scale on the base plate 
is set to a certain known direction, the direction in which the telescope 
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is turned can be determined in degrees with reference to this known 
direction. 

(6) Telescope frame . — The telescope frame accommodates a pair of 
supports, or bearings, in which the horizontal axis of the telescope 
rotates. This frame also supports a tangent screw operating against 
the gear teeth of the base plate, a vertical circle graduated in degrees 
with its tangent screw, a battery case, two levels which are set at 90° 
to each other, and the telescope itself. Three small electric light bulbs 
are mounted on the telescope frame. One is to illuminate the cross 
hairs, and the other two illuminate the horizontal and vertical scales. 
A small off -on switch and a rheostat for controlling the intensity of the 
lights complete the equipment mounted on the telescope frame. 

(7) Levels . — The two levels mentioned in (6) above are used to 
adjust the telescope frame to a true horizontal position. This is 
necessary to insure accuracy of the calculated data obtained from 
the use of the theodolite. As mentioned before, these levels are 
mounted on the flat portion of the telescope frame at 90° to each other. 
This arrangement facilitates the process of leveling the instrument. 
There is a screw adjustment at one end of each of these levels which 
permits a small amount of vertical motion of one end of each level. 
It can be seen that if the levels are not parallel to the theodolite base 
plate, no amount of adjustment by use of the leveling thumbscrews 
will be effective in making the instrument level in all positions. There- 
fore, an important theodolite adjustment is to make the levels parallel 
to the base plate. This adjustment, however, needs to be checked 
only periodically and should be made only if necessary. 

(8) Verniers . — The horizontal and vertical tangent screws are so 
designed that one turn of the screw causes a motion of 1° on the 
corresponding scale. The knob of each tangent screw is provided with 
graduations which divide its circumference into 10 equal parts. One 
division on the knob represents one-tenth of a turn and consequently 
one-tenth of a degree. The vernier knobs are adjustable so that when 
the degree marks on the main scab' coincide with the reference marker, 
and the scale on the knob is not at zero, the knob can be loosened 
from the tangent screw she ft and set to zero. Both tangent screws 
are mounted on a swivel at the end opposite the vernier knob, permit- 
ting the screws to be engaged oi* disengaged from the gear teeth on the 
circular scales. A snap catch holds the tangent screws in either the 
engaged or disengaged position. 

(9) Vertical scale . — The vertical scale is a ring graduated in degrees 
mounted next to the telescope concentrically with its horizontal axis. 
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This ring, or scale, turns when the telescope is rotated about the 
horizontal axis. A reference marker is mounted on a fixed portion of 
the telescope frame, just above the vertical tangent screw which 
operates the vertical scale from the bottom. This reference marker 
is etched on a sector which is adjustable, and the marker may be moved 
by loosening a pair of clamping screws at the ends of the sector. 
When the telescope is horizontal, the vertical scale should read either 
0° or 180°. 

(10) Telescope . — The prismatic-type telescope used on this instru- 
ment permits the eyepiece to be at right angles to the objective lens. 
This is a convenient feature, as the observer can stand at a certain 
level and keep his eye to the eyepiece without stooping or stretching as 
the objective lens of the telescope is moved up or down. Also, the 
observer will be facing the vertical scale and can take a reading at a 
glance. There are two focal adjustments. The eyepiece may be 
turned until the cross hairs are sharply outlined. The objective lens 
is focused on the object being viewed by turning the focusing screw 
just behind the eyepiece. For rough sighting on an object, a set of 
short and extended gun sights are provided on top of the telescope 
barrel. The extended sights are used when the object being viewed is 
nearly overhead and cannot be picked up by using the short sights. 

c. Care and adjustments. — (1) General . — The theodolite is an expen- 
sive and delicate instrument, and great care must be exercised in 
handling it and using it. The instrument must be kept free from dust 
at all times. It should be dusted with a soft cloth after each observa- 
tion, and kept covered with a special canvas or cloth hood when not 
in use. 

(2) Objective lens . — The objective lens must be protected by the sun 
shield during conduct of each observation. Following the observa- 
tion, the lens should be cleaned with a piece of soft chamois skin, and 
the brass protective cap slipped over the lens. 

(3) Adjusting levels . — If the levels on the telescope frame become 
out of adjustment, as evidenced by inability to make the instrument 
show level in all positions, it is evident that the levels are not parallel 
to the base plate. In order to adjust the levels and compensate for 
this discrepancy, the instrument should be leveled using one level 
only. With the base-plate clamp tight, aline one level with a pair of 
diagonally opposite leveling screws. Engage the horizontal tangent 
screw and adjust this one level until the bubble is central, using the 
pair of leveling screws mentioned. Note the reading on the horizontal 
scale and turn the theodolite through exactly 180°. Note the position 
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of the bubble in the level being considered, after this is done. If the 
bubble is still central, no adjustment of the level need be made. If 
the bubble is not central , however, one-half the amount of deviation from 
the central position of the bubble should be taken up by turning the 
small capstan screw at one end of the level. A small steel pin for this 
purpose should be included in the assortment of parts in the theodolite 
box. After one-half the deviation has been taken up with the capstan 
screw, the other half should be taken up by using the leveling screws. 
Starting from this position, the process should be repeated as from the 
beginning, and repeated as many times as necessary, until the bubble 
in this one level remains central for both positions 180° apart with only 
one setting of the leveling screws. After this one level has been adjusted 
the same procedure should be followed for the other level. When both 
levels have been properly adjusted, the instrument may be leveled, 
and when the theodolite is turned in any direction the bubbles in both 
levels should remain central. 

(4) Adjusting vertical scale . — Although the whole vertical circle is 
graduated in degrees, only one quadrant, from 0° to 90°, is useful in 
measuring the elevation, or vertical angle, that a pilot balloon makes 
with the horizontal from the observation point. It is important that 
when the telescope is level or parallel to a horizontal plane, the vertical 
scale reading is zero. If this is true, it can be assumed that when the 
scale reads 90° the telescope is turned in a true vertical direction. In 
checking the vertical scale for a true zero, level the theodolite and set 
the vertical scale on zero. In this position, rotate the instrument about 
its vertical axis and pick up some convenient reference point. Other- 
wise, mark some point on a wall for a reference point. The telescope 
should then be turned over until the vertical scale reads exactly 180°, 
and the instrument should be swung around so that the objective lens 
again faces the selected reference point. If this reference point now 
falls on the cross hairs, the telescope is level and needs no adjustment. 
If, however, the original reference point is off the cross hairs, the 
tangent screw should be turned until the point is again on the cross 
hairs, and the difference in reading, or the amount turned, should be 
noted. The tangent screws should then be turned back one-half this 
difference, the index plate on the vertical scale should be loosened and 
moved until the index marker is exactly on the 180° graduation. The 
whole process from the beginning should then be repeated and when 
finally a chosen reference point appears at the cross hairs in both the 
0° and 180° positions of the telescope, the zero adjustment of the 
vertical scale is correct. Finally, the vernier on the vertical tangent 
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screw may be adjusted to zero by loosening the screw holding the index 
knob and turning the knob to read zero when the index mark on the 
vertical scale is coincident with the zero mark on the vertical circle. 

(5) Adjusting verniers . — As explained in the last portion of the above 
paragraph, either the horizontal or vertical vernier knob may be 
adjusted to read zero on a whole degree setting of the corresponding 
major scale, by loosening the screw holding the vernier knob to the 
tangent-screw shaft and setting the vernier knob to read zero when a 
whole degree graduation coincides with the reference marker. 

(6) Adjusting horizontal axis . — If the horizontal axis of the telescope 
is truly horizontal, it will be possible to sight the cross hairs at the top 
of a long string suspending a plumb bob, and to follow the string down 
its full length with the cross hairs without changing the setting of the 
horizontal scale. It is obvious that if the horizontal axis is not truly 
horizontal, it will be impossible to follow the plumb line down with 
the cross hairs of the telescope. This would mean that one of the bear- 
ing supports on the telescope frame is too high or too low. There is 
an adjustment provided on the bearing support just behind the battery 
case for raising or lowering the horizontal axis a small distance. This 
adjustment is accomplished by turning a capstan screw at the bottom 
of the axis bearing. A locking nut is located just below the capstan 
nut and must be loosened before an adjustment is made. The most 
practical method of alining the horizontal axis to the horizontal, or 
making it perpendicular to the vertical axis, is as follows: After the 
theodolite is leveled, a reference point high on a wall is selected and 
brought to the cross hairs in the telescope. The horizontal tangent 
screw is engaged and the telescope is swung down to a low point on the 
wall where another reference point is selected and marked. The 
telescope is turned over, the instrument is turned through 180°, the 
upper reference point is sighted again on the cross hairs, and the tele- 
scope is turned down to pick up the lower reference point. If this 
lower reference point again comes into view at the intersection of the 
cross hairs, the horizontal axis is level and properly adjusted. If this 
is not the case, however, one-half the discrepancy must be taken up 
by adjusting the capstan screw at the end of the horizontal axis. The 
whole process is then repeated as many times as necessary to bring 
two reference points into line when viewed through the telescope in 
both its inverted and upright positions. The four adjustments listed 
under (3), (4), (5) above, and (6) should be made when the theodolite 
is first received at the station and every 6 months thereafter, if 
necessary. 
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(7) Carrying theodolite. — Special care must be exercised in the simple 
operation of carrying the theodolite, due to the ease with which it 
may be seriously damaged. When this instrument is being carried 
from the station office to the point from which the upper-air observa- 
tion is to be conducted, it should invariably be carried along the side 
of the body, securely held under one arm, with the theodolite proper 
in front where it can be observed and protected from injury. The 
tripod may well be extending to the rear, not under direct observation 
at all times, because it is a sturdy, inexpensive part and not easily 
damaged. Only when the instrument is to be carried over long dis- 
tances, and in the open, should it be carried on one’s shoulder, with the 
theodolite proper to the rear. 

17. Plotting board ML-55. — a. Purpose . — The plotting board 
M L-55 is used for plotting the horizontal projection of the path of 
the pilot balloon, as the latter is observed through the theodolite. 
This horizontal projection is normally plotted to the scale of 1 inch 
equaling 500 yards. From this projection, using a suitable protractor 
and speed scale, the direction and speed of the horizontal airflow at 
various altitudes can readily be computed. 

b. Description. — (1) This board is shown in figure 65. It consists 
basically of an ordinary drafting board, with dimensions of 50 by 40 
inches. A small brass stud is fitted into the center of the board so 
that the stud projects upward from the board surface about five- 
sixteenths inch. A special linen covering is fitted tightly over the 
board surface and held securely by thin wooden strips which are 
screwed into the edges of the board. This linen covering is printed 
with a large circular protractor, graduated in whole degrees. It also 
has one centering east-and-west line and numerous north-south lines, 
the latter being arranged about 1 inch apart. The lower left-hand 
portion of the board is printed as a grid, to be used in the graphical 
method of computing horizontal distances, employing the known 
altitude of the balloon and the elevation angle. 

(2) The special brass scale ML-63, which is used with plotting 
boa rd Ml j- 55, is shown in figure 66 CD. This scale is graduated for 
normal use in plotting the horizontal projection to the scale of 1 inch 
equalling 500 yards, although it may be used for projections of any 
integral or fractional multiple of this scale. 

(3) The speed-and-direetion scale ML 137 is shown in figure 66®. 
The protractor portion of this scale is semicircular and is printed with 
a double scale graduated to intervals of 36 points to the circle. By 
orienting the protractor properly with respect to the north-south 
lines of the plotting board, the wind direction in degrees, for any 
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altitude, may be read directly from the horizontal projection. Speed 
scales, for the usual scales to which the projection is plotted, are printed 
along the edges of the protractor. Wind speeds, in miles per hour, 
are read directly from the horizontal projection, using this scale. 




c. Care . — After long usage, the plotting board ML-55 may be re- 
newed simply by removing the old cover and installing a new one. 
However, one cover, if properly treated and used, may be continued 
in use for 2 or 3 years without requiring replacement. Covers for 
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this plotting board are requisitioned as expendable supplies. One 
extra cover should be kept on hand at each station at all times. 

(1) As a first step in renewing the covering of the plotting board 
ML— 55, the board proper should be prepared by removing the four 
wooden strips about the edge of the board and then removing the old 
cover. The board should then be cleaned of bits of dried paste 
remaining from the old cover, and the wooden surface made smooth 
by rubbing lightly with fine sandpaper or emery cloth. Next, lightly 
and evenly dampen the board with water, using a sponge or cloth. 
Now cut out a small hole in the center of the new covering. Place 
this covering face down on a table and moisten the imprinted side 
lightly and evenly with water, then cover it with a very thin coating 
of library paste. Place the cover down over the board, carefully 
fitting the center hole over the brass stud and orienting the cover so 
that the north-south lines are parallel to east and west edges of the 
board. 

(2) Smooth the cover out with the palms of the hands, eliminating 
as many blisters as possible as they tend to form between the cover 
and the board. Do not stretch the cover too tightly in one direction 
at a time, or the center hole will be tom and the stud will no longer 
be in the center of the protractor. Bend the edges of the cover over 
the edges of the board and fasten with carpet tacks. To secure a 
neat folding at the corners, a small narrow strip must be cut from 
the cover at each comer. After the edges have been tacked down, 
screw on the wooden strips along the edge of the board. Usually, 
by this time, the cover will have a considerable number of blisters 
showing, but nothing further should be done at this time. Place 
the board, with its new cover, on a table, and let it dry for about 24 
hours. Do not rest the board on edge during this drying period, 
or all surfaces will not dry evenly. 

(3) At the end of the drying period, the cover will be found to have 
stretched smoothly and practically no blisters remain. Next, brush 
on a thin coat of clear lacquer. This should dry in about 1 hour. 
As soon as one coat of lacquer has dried, brush on another. Make 
certain that this work is done in a dust free room. Continue placing 
lacquer on the cover until at least 10 coats have been applied. The 
board is now completely ready for service and, with proper care, should 
remain in good condition for a long time. 

(4) Never use anything but a pen and ink in plotting on board 
ML-55. The pen to be used must have a well rounded point. If 
too sharp a point is used, ink will be introduced below some of the 
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lacquer and that part of the board will remain discolored until the 
lacquer is removed and fresh coats are applied. If an ordinary pen 
point is used, and the plotter is careful not to prick the lacquered 
surface, the projections can be plotted without trouble. After 
the wind direction and speed values have been determined, the pro- 
jection should be erased by using a soft, damp cloth. Hundreds of 
projections can be plotted on a given cover in this manner without 
there being any visible evidence of its use. 

18. Robinson 3-cup anemometer ML-80. — a. Purpose . — The 
Robinson anemometer is designed for use in conjunction with either 
the quadruple or double register to produce a continuous and automatic 
record of wind movement, and to register a value of wind speed in 
miles per hour at any time. 

b. Description. — (1) General . — The 3-cup anemometer consists of 
a tubular frame suitable for mounting on a standard wdnd instrument 
support, a cup wheel consisting of three hemispherical cups mounted 
on radial spokes, and a system of gearing wdiich registers the action of 
wind movement on the rotatable cups. Provision is made both for 
recording the total w T ind movement over a given period of time, and 
for registering the wind speed over short intervals of time. 

(2) Spindle shaft . — The cup wheel is mounted on a spindle shaft 
which carries the rotating motion of the cups through the tubular 
frame to gears in the dial case. A plain bronze bearing at the top of 
the frame and a step bearing at the bottom provide support for the 
spindle shaft. The transfer of rotary motion from the spindle to the 
gear system is accomplished through a single-thread w r orm cut integral 
with the spindle shaft at its lower end. This worm engages a gear 
inside the dial case which is knowui as the “vertical” or “one-sixtieth 
mile” gear. This is show r n best in figure 68. 

(3) Vertical or one-sixtieth mile gear . — The vertical gear, driven by 
the spindle*, rotates on a horizontal axis together with another worm 
fastened to the same shaft. This second worm drives a small pinion 
gear which, in turn, drives the dial gears. This process completes 
the transfer of motion from the rotating cups to the registering dials. 
Considering wind as a stream of fluid substance, the anemometer 
cups and the gear ratio between the vertical gear and spindle worm 
are so designed that the movement of one-tenth mile of wind by the 
anemometer causes a complete revolution of the vertical gear. There 
arc* six evenly spaced projecting pins around the outer circumference 
of the vertical gear. Three of these can be* observed in figure 68. 
As the* gear rotates, the small projections on the vertical gear passing 
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a rounded projection on a spring contact arm cause this arm to be dis- 
placed, thus closing the path of an electrical circuit. The electrical 
contacts thus operated are called the one-sixtieth mile contacts, and 
they are connected to the frame of the instrument and to a terminal 




on the right side of the gear case, as viewed from the back. (See fig. 
67.) It can be seen that the vertical gear rotates one-sixth of a revolu- 
tion between intervals when these electrical contacts are closed. If 
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those one-sixtieth mile contacts are connected in series with a battery 
and a buzzer, the number of contacts occurring during a given period 
of time may be counted and the wind speed for that time may be 
deduced. Since a full revolution of the vertical gear represents one- 
tenth mile of wind, one contact will be made for each one-sixtieth 
mile of wind passing the anemometer. Thus by counting the num- 
ber of contacts (buzzes) made in one minute, we have a measure of 
the air movement in miles per hour. Indicated wind speeds, as 
obtained from the 3-cup anemometer, are subject to certain dis- 
crepancies at the lowest speeds and at the higher speeds. A table of 
corrections covering the average range of wind speeds is shown below. 



Speed in mph 


Correction in whole mph 


0- 16 


+ 1 


17- 26 


0 


27- 35 


— 1 


36- 44 


_2 


45- 52 


-3 


53- 61 


-4 


62 


70 


— 5 


71 79 


-6 


80 


87 


-7 


88 


96 


-8 


97-105 


-9 



(4) Anemometer dials.— (a) As explained in (3) above, the ane- 
mometer dials are driven by the rotating cups through a system of 
worms and gears and finally by a pinion gear which rotates on a 
stud shaft which is perpendicular to the back of the gear case. This 
pinion gear is held on its shaft by a small nut with an elongated side, 
bearing an index mark to indicate the position of the upper dial in its 
rotation around its center. The upper and low er dials both mesh with 
the pinion gear and rotate about a common axis. They are separated 
by a thin washer to prevent excessive friction between them. The 
ratios included in the gearing-up to the dials are such that the upper 
dial makes one complete revolution w r ith respect to the index nut 
for every 10 miles of wind passing the anemometer cups. There are 
10 main divisions on the upper dial, each representing 1 mile of wind. 
These unit divisions are again subdivided into 10 parts, each representr 
ing one-tenth mile. There are, therefore, 100 divisions on the upper 
dial, and since there are 100 gear teeth around the circumference of 
this dial, the passage of each tooth past the index nut represents one- 
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tenth mile. The lower dial, however, has only 99 teeth, and since 
both dials are meshed with the same driving pinion, it can be seen that 
each time the upper dial makes a complete revolution, the lower dial 
makes one complete revolution plus one tooth. The lower dial is 
graduated with markings for each 10 miles. Thus, for each movement 
of 10 miles of wind the two dials will be displaced, with respect to each 
other, by one marking of the lower dial. An index mark on the upper 
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Figure 68.— Anemometer gears. 



dial is used to register the whole tens of miles shown on the lower 
dial. Since there are 99 teeth on the lower dial, its limit of registry 
is 990 miles of wind. Therefore, the anemometer dials register hun- 
dreds and tens of miles of wind on the lower dial, and units and tenths 
of miles on the upper dial. It is obvious that after the anemometer 
dials have reached their limit of registry, they will start all over again 
from zero, and unless some provision is made to record the total num- 
ber of miles of wind passing the anemometer, the dial readings for each 
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group of 990 miles would be lost. The quadruple or double register, as 
described later, provides for recording of the full movement of wind. 
(b) The upper dial is provided with 10 short pins, arranged near the 




periphery of the dial and extending upward about one-quarter inch 
from the upper face of the dial. These pins are separated from each 
other by a distance which, in the movement of the dial, is equivalent 
to 1 mile of wind. The top dial, with contact spring assembly, is 
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shown in figure 70. A thin brass spring, which serves to make the 
contact which completes the electric circuit at the end of each mile 
of wind, is shown in this drawing. The fixed (left) end of this spring 
is mounted on a stud which extends upward from the back metal 
base of the anemometer. This fixed end is thus grounded for one side 
of the electric circuit. The free (right) end of the spring has a small 
platinum electrode on its under surface. This end normally stands 
separated from a similar electrode on the pin which connects to the 




mile-contact binding post. Along the length of the contact spring a 
somewhat triangular-shaped projection falls in the path of the dial 
pins as they rotate in a counterclockwise manner. As the rotating cups 
cause the dial to turn, the dial pins are successively moved on to this 
spring projection. As the dial turns farther, the pin forces the right 
end of the spring to make contact with the electrode leading to the 
mile-contact binding post. The circuit will remain closed at the 
electrodes until further movement of the dial carries the pin to the 
right of the spring projection. Then the spring is released, the circuit 
is broken at the electrodes and remains open until the next pin moves 
into position to force the spring to make contact. While the circuit is 
closed a current of electricity is permitted to flow through an electro- 
magnet of the quadruple or double register, which causes an associated 
pen to record the mile of wind. 

(c) Pins Nos. 4 and 5 are connected by a bar so that when pin No. 
4 has moved into position to depress the contact spring, the electric 
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circuit will remain closed throughout the interval between No. 4 
and No. 5, and will not be broken until pin No. 5 moves to the right 
of the projection. Thus, during each series of recordings of 10 miles 
of wind, there will be one extra long contact made and this will be 
recorded as a distinctly different marking. This is used to facilitate 
obtaining the record of the total wind movement over a period of 
time, as will be explained in the section on Weather Forms. 

c. Installation . — A separate wind-instrument support is usually 
provided for mounting anemometers and registering wind vanes. 
There is a standard 12-foot support made of 1%-inch pipe intended 
primarily for mounting on the roof of a building. This support is 
equipped with an offset arm near its top, for mounting the ane- 
mometer, a bearing cap at the top for a wind vane, foot rungs, and 
guy rods with turnbuckles for providing lateral bracing. There is 
another standard wind-instrument support 18 feet high, intended for 
surface mounting or on a roof. This support is similar to the 12-foot 
support, with the exception that 2-incli pipe is used and a box near 
the base is provided for mounting a wind-direction contactor unit. 
The anemometer is mounted on a short stud on the extended arm 
of the support. Three wires are necessary to carry the electrical 
circuits to the station, and these should be run through pipes of the 
frame, where possible, to protect them from weather. Care should 
be exercised in the placement of an anemometer to locate it in the 
path of free-moving air. Locations near the sides of buildings, or be- 
tween buildings or other obstructions, should be avoided. 

d. Reading anemometer . — There are certain specified times when 
the anemometer should be read and the readings recorded. Readings 
should be taken at noon, local time, on the first day of every month 
and on every Monday. The number of hundreds and tens of miles 
is read from the lower dial, as indicated bv the position of the lower 
dial with respect to the index marker on the upper dial. The units 
and fractions of a mile are read from the upper dial, with respect to 
the index nut on the pinion-gear shaft. However, fractions of a mile 
are not recorded, and the upper dial is read to the last whole mile 
which has passed the index marker. Since the dials turn counter- 
clockwise, the unit mile is obtained by reading the dial pin number 
first to the left of the index marker. 

e. Care. — (1) The 3-cup anemometer should be thoroughly serviced 
and overhauled regularly once a month. After the anemometer has 
been disconnected from its wires and dismounted from its support, it 
should be completely dismantled and all the parts except the frame, 
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rotating cups, spindle shaft, and dial cover should be dropped into 
a bath of gasoline as each part is removed. The oil cup (fig. 71) 
which screws to the top of the spindle shaft holding the cup wheel 
tight is removed first. The cup wheel may then be lifted off. Next, 
using the special anemometer wrench, loosen the bronze bearing at 
the top of the anemometer frame. The spindle shaft may then be 
lifted out. The bottom step bearing, shown on figure 72, is then 




unscrewed, through the bottom of the instrument frame, by means 
of a long screw driver. 

(2) Two screws on the back of the dial case may next be removed 
to loosen the dial cover exposing the anemometer dials and gears. A 
flat screw at the center of the dials is removed to take off the upper 
and lower dials. Next, the index nut on the pinion shaft is unscrewed 
and the pinion gear may be slipped off. The two bearing blocks, 
shown on figure 68, are next removed, and this permits lifting out the 
vertical gear. The parts remaining on the anemometer frame are the 
two electrical contacts, and it is not necessary, nor is it recommended, 
that they be removed. The only attention these contacts require is 
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that the points of contact be cleaned carefully with fine emery cloth. 

(3) The oil cup should be opened by unscrewing the cap. The old 
clock oil and wick should be removed. The w r ell should be rinsed 
out with gasoline and then cleaned with a soft cloth. A few drops 
of new oil should be placed in the well, a new wicking installed, and 
the cap replaced. 

(4) The bottom bearing, figure 72, should be unscrewed, using a 
long-bladed sturdy screw driver. The top of this bearing should be 
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Figure 72. — Bottom bearing of the anemometer. 

unscrewed, and the bottom steel bearing plate removed and examined 
for wear. After long use, this bearing plate will develop a depressed 
worn surface. When this depression has developed to the size of a pin 
head, the bearing must be turned over to expose a better bearing sur- 
face. If both sides are worn, the bearing must be replaced. Each 
station should maintain a small supply of these bearings. While the 
bearing is removed, the well should be rinsed with gasoline and a new 
supply of oil introduced. In dropping the steel bearing into place, 
care must be observed to see that it rests flat on the bottom of the 
well. Unless shaken into proper position, this bearing will often tend 
to stick in a sidewise position, thus giving a very defective bearing 
for the lower end of the spindle. 
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(5) All of the remaining parts, when taken from the gasoline bath, 
should be dried clean and free of dirt and oil, using a clean dry cloth. 
They should be replaced in position in an order reverse to that by 
which they were disassembled. The vertical gear and its bearing 
blocks should be replaced first, and so on. All parts that rotate or 
slide on mating parts should be oiled with clock oil. 




(6) After the gear assembly has been reinstalled and the glass 
covering attached, the bottom bearing should be screwed into position 
firmly and snugly. The spindle shaft should be installed next. While 
the spindle shaft is being installed, the frame should be held in one 
hand, with the observer looking toward the back of the anemometer. 
The oil-hole window should be open. With the other hand, lower the 
shaft through the frame and, by observing the top, of the bottom 
bearing through the oil window, make certain that the bottom end 
of the spindle is properly entered into the bottom-bearing housing. 
Now close the window hole and finish the assembly by installing, in 
order, the top bronze bearing, the cup assembly, and the oil cup. 

(7) Each time that the anemometer dial is read, between the dates 
of major cleaning, the top and bottom bearings should be oiled with 
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neto-generator anemometer is designed to indicate instantaneous wind 
speeds. Due to its continuous indications, it has the added feature of 
indicating rapid changes in wind speed, or gustiness. 

b. Description . — This instrument consists of a 3-cup wheel similar 
to that used on the Robinson 3-cup anemometer, and a sturdy alumi- 
num frame which houses a self-excited magneto-generator unit. The 
cup wheel is fastened to a spindle shaft which is connected to the rotor 
of the magneto-generator. A cylindrical hood, an integral part of the 
cup wheel, drops down over the anemometer frame and offers protec- 
tion against freezing rain or sleet, so that the cups will be free to 
rotate under all weather conditions. The generator is a standard 
manufactured item which is sealed within the instrument case and 
needs no attention over long periods of time. Figure 73 shows the 
magneto-generator anemometer. 

c. Installation . — This instrument is usually mounted on a standard 
wind-instrument support, such as described in paragraph 18c. 

d. Use . — The magneto-generator anemometer is used in conjunc- 
tion with an indicating device known as the “ bulkhead indicator.” 
This indicator consists of two scales, one for indicating wind speed in 
miles per hour, and the other for indicating wind directions in degrees. 
(See fig. 74.) The wind-speed scale is on a portion of the indicator 
which is nothing more than a voltmeter calibrated in miles per hour. 
As the anemometer cups are turned by the wind, a certain voltage is 
built up in the magneto-generator. The value of this voltage rises in 
proportion to an increase in wind speed and thus, since the voltmeter 
scale is graduated in miles per hour, a direct or instantaneous wind 
speed reading may be obtained from the bulkhead indicator. This 
bulkhead indicator should be mounted inside the station where con- 
venient, and the two necessary wires may be led out to the anemometer 
through suitable conduit. 

e. Care . — Since the magneto-generator is in a sealed case,, no at- 
tempt should be made to dismantle it. If trouble develops, it should 
be sent back to the manufacturer for service. The ball bearing at 
the top of the anemometer spindle shaft should be oiled every 2 or 3 
months, and the zero setting of the bulkhead indicator needle should 
be checked in about the same interval of time. If, when the cup 
wheel of the anemometer is at rest, the needle on the indicator is not 
on zero, it should be set to zero, using the adjusting screw on the face 
of the bulkhead indicator. 

20. Wind vane. — a. Purpose . — Wind vanes are used to indicate or 
register the direction from which the wind is blowing at any time. 
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b. Description . — (1) General. — The wind vane generally used con- 
sists of a plate of metal forming a tail, attached to one side of a vertical 
axis free to rotate in response to changes in wind direction. The 
windward part of the vane is formed of an arrow-tipped rod which 
points into the wind and also serves to counterweight the tail. The 
spindle is a steel rod about 2 feet long for the plain wind vane and for 
the contacting type used with the light indicator, the lower end turn- 
ing in a pivot bearing. The bearing proper for the contacting wind 
vane assembly, and that for a vane used without contacts, are alike. 
Wind vanes are used in connection with such indicating devices as 
the nine-light wind-direction and speed indicator, the selsyn-type 
wind-direction indicator, and with the cam collar in conjunction with 
the quadruple register. These devices are described in detail in suc- 
ceeding paragraphs. 

(2) Wind vane bearings. — These assemblies consist of a piece of 
half-inch pipe, with keyway bushing to form the top bearing, and a 
pivot support to form the lower bearing. The wind-vane axis is 
equipped with a special cam and a weather-protection housing rigidly 
attached. On the contactor-type vane a set of insulated contact 
springs is mounted on the collar that fits over the half-inch pipe. 

c. Installation.- — To set up the device for use, first erect the half- 
inch pipe bearing in the desired location. Then fill the bearing about 
half full of light automobile oil. Next, slip the contact spring assem- 
bly over the pipe, if contacts are used, and temporarily clamp it, 
springs upward, with the lower edge of the brass collar between’ the 
two rings that will be found marked on the pipe. The axis should 
now be inserted, being careful to rotate it slowly so as to “feel” the 
key in the axis through the keyway in the top bearing. This key 
arrangement permits withdrawal in one position only. Next put on 
the vane with due regard to provision made for insuring its position 
relative to its axis, generally a pin extending into a hole in the brass 
housing of the axis. 

d. Care. — The only care required for a wind vane is to check it 
occasionally to see that it moves freely in its bearings and is properly 
oiled. 

21. Cam collar. — a. Purpose. — The cam collar is a mechanism 
used to convert wind directions as indicated by a wind vane into 
electrical impulses which will register on an automatic recording 
instrument. 

b. Description. — The mechanism of the cam collar is a simple ar- 
rangement of circular cams so placed around the outside circumference 
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)f a cylindrical brass collar that, as the collar rotates progressively, 
the succeeding combinations of cams will produce a series of eight 
different and distinct combinations. (See fig. 75.) There are 
four identical cams placed side by side on the collar of the mech- 
anism, each located differently with respect to the others around 
the circumference. The circular length of each cam is three-eighths 
of a full circle, or 135° of arc. The arrangement of these cams is 
such that the middle one-third of each cam is entirely free from overlap 
by any other cam. This accounts for four distinct conditions where 
each of the four contact rollers will be actuated alone and separately 
as the collar rotates. In addition, the cams are so arranged that the 
first one-third and the last one-third of each cam overlap with the 
opposite portions of an adjacent cam. Thus, there are four more 




Figure 75. — Cam collar. 



combinations created when the last one-third and the first one-third 
of a pair of cams actuate a pair of contact rollers. It is obvious that 
there are eight possible combinations for actuating the contact rollers 
which, in turn, create a closed path for an electrical circuit through 
the north, east, south, or west terminals and the frame, or “ground” 
terminal. In other words, if, for example, the north and east contact 
points were closed simultaneously, it would be possible to operate 
two separate magnetic devices through the electrical paths provided 
by the closing of these two contactors. Further, a certain amount 
of rotation of the collar in one direction would cause the east contact 
to open, leaving the north contact closed. Rotation in the opposite 
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direction would cause the north contact to open, leaving the east con- 
tact closed. It can be seen that, as the cam collar rotates clockwise 
from north to east, etc., a progressive series of eight directions will be 
registered by the closing of corresponding combinations of electrical 
circuits. The electrical circuits thus actuated are connected to the 
quadruple or double register which produces a continuous and auto- 
matic record of wind directions over a period of time. 

c. Installation . — The cam collar is installed in a cast iron box pro- 
vided for the purpose in the standard 18-foot wind instrument support 
mentioned in paragraph 18c. This box is provided with gaskets 
under its covers to make it weather-tight and a pair of mounting 
screw's which fit into slots in the ends of the cam-collar frame. The 
cam collar is mounted in its box so that the axis of the collar is vertical, 
permitting the wind vane shaft, which is usually three-eighths inch, 
round steel rod, to pass through it. The wdnd vane is pointed and 
held in some known direction, and the cam collar is turned to a point 
where the cams actuate the corresponding direction contacts. Then 
the set screws on the collar are tightened against the wind-vane shaft. 
The cam collar is now ready to be wired to the quadruple or double 
register inside the station. 

d. Care . — The only care the cam collar requires is that the bearings 
in which the collar rotates be oiled every 2 or 3 months and that the 
surface of the cams and rollers be kept clean so that good contact will 
be maintained between the frame of the mechanism and the direction 
contacts and terminals. 

22. Selsyn-type wind -direction indicator. — a. Purpose. — This 
instrument is designed to indicate instantaneous wind directions on 
a dial scale remotely located from a wind vane. 

b. Description . — The selsyn-type wrind-direction indicator consists 
of two identical motor units. One, commonly called the “trans- 
mitter,” is mounted in a case and frame exactly like that of the mag- 
neto-generator anemometer; and the other, known as the “receiver,” 
is mounted in the case of the bulkhead indicator. The transmitter 
unit has a spindle shaft extending 6 inches above the top of the frame 
to accommodate the hub of a standard wrind vane. The receiver 
unit is connected to a dial pointer through a pair of right-angle gears 
in the bulkhead-indicator case. (See figs. 74 and 76.) The word 
“selsyn” is a contraction for self-synchronous, the operation of the 
instrument being based upon the principle of mutual reaction between 
two self-synchronous motors. Both the transmitter and receiver 
units are built like ordinary electric motel's having stator windings 
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and rotor windings. Figure 77 shows a schematic drawing of the 
rotor and stator units of the two synchronous motors of the direction 
transmitter and the receiver. There are three separate stator wind- 
ings in each unit, star connected, and the corresponding leads of the 
transmitter and receiver are connected together. The rotor windings 
of both units are connected in parallel and excited with 110 volts 
a-c. The rotor of the transmitter unit is connected to the wind- 
vane shaft, and the rotor of the receiver is connected to a pointer on 




the wind-direction dial of the bulkhead indicator. As the wind vane 
moves, the energized transmitter rotor moves accordingly and induces 
a magnetic field in the stator winding which is characteristic of the 
position of the rotor for any instant. As the position of the rotor 
chaDges, the distribution of the induced magnetic field in the stator 
windings changes accordingly. Since the stators of the transmitter 
and receiver are connected together, the magnetic-field conditions 
produced in the transmitter are reproduced in the receiver and react 
on the rotor in the receiver in such a way as to cause it to duplicate 
the motions of the transmitter rotor. In this way, wind directions 
indicated at any instant by the wind vane outside are reproduced by 
the needle connected to the receiver rotor inside at the bulkhead 
indicator. 

c. Installation . — The transmitter portion of this instrument is 
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mounted on a standard wind-instrument support, such as described 
in paragraph 18 c. The bulkhead indicator should be mounted on a 
wall at some convenient location in the station. Provision must be 







made for carrying five wires from the transmitter to the bulkhead 
indicator through suitable conduit. A connection must also be made 
from the rotors to a source of 110 volts, a-c, preferably at the bulk- 
head indicator. To orient the indicating needle on the bulkhead 
indicator, the wind vane outside may he held to some known direction. 
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The cover of the dial on the bulkhead indicator should be removed, 
th.e needle screw loosened, and the needle set in the direction corre- 
sponding to the wind-vane direction. 

d. Use . — True wind directions at any instant are transmitted from 
a wind vane to the dial of the bulkhead indicator where these direc- 
tions may be read to the nearest 5 degrees. Since this instrument is 
conveniently located in a station, where it can be observed almost 
constantly, it is most valuable in noting wind shifts. 

e. Care . — Since both the transmitter and receiver of this instrument 
are sealed units of standard manufacture, it is not recommended 
that they be dismantled for servicing or any other purpose. In case 
of failure, they should be returned to the manufacturer for service. 
The top bearing of the transmitter spindle should be oiled every 2 or 
3 months. At these times the spindle shaft should be cleaned of any 
rust or corrosion, and oiled to prevent sticking of the wind vane on 
this shaft. The right-angle gears connecting the receiver rotor to the 
indicator needle should also be oiled at these intervals by removing 
the dial case and reaching under the dial with an oil can. 

23. Nine-light wind-direction and velocity indicator. — a . 
Purpose . — The light indicator is a device intended to indicate instan- 
taneous wind directions and wind speeds on a dial scale remotely 
located from a wind vane and anemometer. 

b. Description. — (1) General. — The light indicator consists of two 
essential units. One is a wind-vane assembly having eight cam- 
operated, normally open switches, and the other is a round dial having 
eight lights spaced evenly around its circumference. (See figs. 78 
and 79.) 

(2) Dial unit. — The eight lights around the circumference of the 
dial represent eight directions of the wind scale. It is possible that 
two lights may be lighted at one time, due to the cam arrangement 
operating the two switches at the wind vane. In such a case, the wind 
direction, between the eight directions marked on the dial, is indicated. 
Thus, the light indicator will indicate 16 directions of the wind scale. 
A green light in the center of the dial face is used to indicate wind speed 
in miles per hour. It is connected to the one-sixtieth mile contact of 
a Robinson 3-cup anemometer and may be used selectively. A buzzer 
is also mounted under the dial face, which may be used instead of the 
center light by throwing the lower left-hand switch mounted on the 
dial case to the “on” position. If it is desired to use the green light, 
turn the middle switch on the dial case to the “on” position. The 
lower right-hand switch is used to turn the wind direction lights on or 
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of a wind-vane bearing, serve as the operating elements for the lights’ 
on the indicator dial. A cam fastened to the wind-vane shaft is so 
designed that it will close either a single switch or any pair of adjacent 
switches. This assembly is shown in figure 80 . A protective cylinder 



* 




is provided to cover the switches as a protection against sleet. It can 
i>e seen that there are eight separate electrical circuits which can be 
operated singly or in pairs to register 16 combinations on the dial 
lights of the light indicator. The common circuit or return for all 
these contactors is through the frame of the switch assembly. There- 
fore, it is necessary to lead into the station, where the light indicator 
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is located, nine wires for indicating wind directions and two more from 
the 3-cup anemometer to indicate wind speeds. 

c. Installation . — The wind-vane switch assembly may be mounted 
on a standard wind-instrument support, as described in paragraph 
18c. The light-indicator dial should be mounted conveniently for 
observation on a wall in the station. It will be necessary to connect 




a source of 110-volt a-e current to the primary of the transformer 
inside the dial case, for operating the lights and the buzzer. 

d. Care . — No service is required on the dial assembly of the light 
indicator beyond replacing unserviceable bulbs. In order to reach the 
bulbs, it is necessary only to snap off the dial cover. The wind-vane 
shaft and bearing should be oiled occasionally, and the contact points 
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inspected for wear and pitting. If the contact points are dirty or 
pitted, they should be carefully cleaned with fine emery cloth. 

24. Quadruple register. — a. Purpose . — The quadruple register 
is designed to produce a continuous and automatic record of rainfall, 




wind speed, wind directions, and duration of sunshine over a period of 
time. 

b. Description . — (1) General . — The major parts of a quadruple 
register consist of a clock to drive a drum containing a record sheet, 
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and six electromagnets, arranged so that when they are energized they 
will actuate various pens in accordance with impulses received from 
the rainfall-, sunshine-, and wind-measuring instruments. The use 
of the sunshine recorder has been discontinued in the Army Air Forces 
Weather Service; and since the same electromagnet and pen are used 
to record sunshine and rainfall, we shall hereafter omit any reference 
to the sunshine pen and refer to it only as the rainfall pen. (See 
fig. 81.) 

(2) Clock unit. — The clock unit used on the quadruple register is 
of sturdy construction, provided with two springs for driving the 
register drum, through a universal joint and a sliding coupler. A 
rotating contact arm is so arranged that the wind direction magnets 
will be energized at intervals 1 minute apart. The cam is rotated 




by the minute gear of the clock. The wind-direction and sunshine 
contact springs are so placed that their contact electrodes fall within 
the path of this cam. Thus, at the end of each minute, the electric 
circuit is closed through the cam collar and the proper one- or two- 
direction electromagnets mounted on the tilting base of the register. 
The sunshine spring contact is usually adjusted so that no contact is 
made with the cam, inasmuch as we no longer record the duration of 
sunshine. The adjusting screws permit maintaining a proper amount 
of contact between the cam and the spring electrode. 

(3) Drum . — The drum on which the quadruple-register record sheet 
is placed is 4% inches in diameter and 6 inches long, and rests on a pair 
of brass bearing frames. The right end of the drum shaft, viewed 
from the front, is plain round, and the left end is provided with a 
spiral thread. This spiral thread fits into a corresponding spiral 
groove cut into the left bearing, and serves to carry the drum to the 
right as it is revolved by the clock. In this way it is possible to create 
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a spiral trace on the record sheet which is longer than would be possible 
with a single turn of the drum. The rotating speed of the clock 
driving shaft is such that four complete revolutions of the drum are 
made in 24 horn’s. Integral with the drum shaft arc a pair of bushings 
on which the drum itself fits with a light friction fit. This arrange- 
ment permits rotation of the drum to the proper starting point on the 
chart with respect to the pens. 

(4) Rainfall pen . — The rainfall pen produces a trace from which 
may be obtained the number of times the tipping bucket of the tipping- 
bucket rain gage has tipped during a given period. The trace is in the 
form of a line of interrupted direction. Due to the pen being guided 
by a pin resting in a helical groove, the direction of the trace will be 
interrupted in one direction over a period of time required for five 
movements of the armature of the electromagnet. Following this, 
the direction will be interrupted five times in the opposite sense. 
The resultant trace will be as shown in figure 83. When no current 




Figure 83. — Rainfall record trace. 



is actuating the electromagnet, the pen is at rest on the record sheet, 
and the rotation of the drum traces a horizontal line. When the 
tipping bucket causes the rainfall magnet to be energized, the pen is 
carried up one notch as determined by a progressive ratchet mechanism. 
The frequency of the interruptions to the direction of the trace in- 
creases with an increased rate of rainfall. 

(5) Wind-speed pen . — The miles contact of a 3-cup anemometer 
controls the electromagnet operating the speed pen. Each time a 
mile of wind passes the anemometer, the contact closes through the 
anemometer spring contact, permitting current to flow through the 
speed electromagnet, thereby moving the armature and associated 
pen over to mark the beginning of a mile spur on the trace. (See 
fig. 84.) The pen will remain in this position as long as the contact 
remains closed in the anemometer. As soon as the pin passes over the 
projection on the anemometer contact spring, the spring is released, 
the contact is broken, the circuit is opened, and the armature with its 
associated pen moves to its normal position, completing the spur on 
the speed record. Another spur will be made whenever the wind 
movement brings a pin of the top dial of the anemometer onto and 
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over the projection of the anemometer contact spring. The long spur 
shown in figure 84 was made when the connecting bar between pins 
4 and 5, as shown in figure 70, passed over the projection of the anemom- 
eter contact spring. This long spur is, in effect, two regular spurs 
joined. The speed pen and its electromagnet mechanism are mounted 
on a tilting base which can be lifted away from the drum to allow 
removal from its bearings. 




Figure 84.— Wind-speed record trace. 



(6) Wind-direction pens. — (a) Four individual electromagnets are 
used to actuate the wind-direction pens. These electromagnets and 
their mechanisms are mounted on a tilting base which carries also 
the speed magnet and pen mentioned above. The selection of the 
direction magnet, or pair of direction magnets, to be energized is made 
at the cam-collar mechanism which is operated by a wind vane. The 




Figure s/i. Wind -direct ion record. 



actual completion or energizing of the circuit takes place every minute 
when the rotating clock cam momentarily closes the common lead 
from all four electromagnets through the' direction contact spring of 
the clock. (See fig. 82.) In this way, wind direction is registered 
every minute on the record sheet by a single point or combination of 
two points made by the pen, or pens, being momentarily brought into 
contact with the chart. Each direction has a marked position on the 
chart and may easily be distinguished. 

(b) Unlike the rainfall and wind-velocity pens, which are similar 
to the pens used on the thermograph, the wind-direction pens are 
blunt points having no capacity to hold ink. They brush against an 
inked-felt pad when they are actuated, and carry along only enough 
ink to make a mark when they strike the record sheet. 

(c) In order to obtain an instantaneous wind-direction reading 
without waiting for the clock cam to make contact, a switch is pro- 
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vided just at the left of the tilting base, which will energize the wind 
direction pens instantly. 

c. Installation . — The quadruple register should be placed conven- 




iently in a weather station where the wiring from the anemometer, 
cam collar, and the tipping-bucket rain gage can easily be led in 
through suitable metal conduit. It should be wired in accordance 
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with the diagram shown on figure 86. Three sets of batteries are 
required which will produce about 6 volts of current for each of the 
three circuits. 

d. Use. — (1) Preparing th t chart . — Form No. 100 is the record 
sheet used on the quadruple-register drum. It contains space for a 
24-hour record of rainfall, wind speed, and wind direction. As ex- 
plained before, the various traces are for a 6-hour period on any one 
line as the lines are offset and form a spiral when the sheet is on the 
drum, the drum making four complete revolutions in 24 hours. The 
upper half of the chart is used for recording wind directions only. 
On the lower half, both rainfall and wind-speed traces are recorded. 
The information called for in the blank spaces on this form is self- 
explanatory and the required data should be entered as obtained from 
readings of the various instruments. Space is provided at the left 
end of each wind-speed trace for entering the total miles of wind for 
each 6-hour period. These entries should be made after the chart is 
finished and has been taken from the drum. 

(2) Changing the chart . — After the new chart has been prepared, 
open the glass case of the quadruple register, lift off the rainfall-pen 
arm and swing it around 90°. Lift the wind-velocity pen arm about 
one-half inch and loosen the tilting base bv pulling out the locking 
shaft. Raise the tilting base and loosen the set screw on the clock 
shaft coupling. Slip off the coupling from the drum shaft, and lift 
out the drum. Remove the spring bands. Remove the old chart 
and place it carefully between blotters to prevent smearing the ink of 
any part of the record. Place the new form on the drum, aligning 
the margin of the record-receiving area with a marking on the edge of 
the drum, so that no horizontal shifting of the drum will be necessary 
to have the pens fall into their proper positions with respect to the 
record sheet. Fit the bottom edge of the form snugly against the 
flange of the drum nearest the spiral-shaft end. Replace the spring 
bands. Place the drum in the extreme right position, facing the instru- 
ment side having the terminal strip. Slip the coupling on the drum 
shaft without tightening, and rotate the drum until it moves to its 
extreme left position. Tighten the coupling to the drum shaft. Lower 
the tilting base and lock it in place. Lower the wind-velocity pen to 
within one-eighth inch of the chart, and set the drum for time, making 
the last adjustment clockwise as viewed from the spiral-shaft end of 
the drum. This is to take out lost motion in the coupling and gearing 
of the clock. Swing the rainfall pen around and place* it on the chart, 
and complete!}' lower the velocity pen to the chart. If the record 
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sheet has been carefully adjusted to a previously prepared marking 
on the edge of the drum, the pens will fall into proper position when 
lowered to the sheet. Slight adjustment may be made by slipping the 
drum on its friction mounting. 

e. Care. — (1) The batteries for the electrical circuits must be 
watched carefully to see that an ample supply of electric energy 
to operate the several electromagnets is available at all times. If 
wet cells or storage batteries are used, they should be inspected 
weekly. The best arrangement for a power supply to the quadruple 
register is to use the normal station lighting system, applying power 
to the register through a transformer to reduce the voltage and a 
rectifier to provide direct current voltages. When a transformer 
and rectifier are used, an auxiliary set of storage batteries should 
be available for emergency use. 

(2) The wind-direction contact in the clock requires frequent 
attention. The electrodes should be cleaned with fine emery (doth 
once during each week. The length of the contact should be adjusted 
at the same time by use of the contact adjusting screw. If the 
contact is too long, the clock may be stopped, due to the pen arms 
making contact with the drum for too long a period of time. Some- 
times the adjusting-screw threads become worn, so that the slight 
jarring of the pen arms hitting the drum each minute will permit the 
spring contact to move out of adjustment. An extra adjusting 
screw should be kept available. 

(3) The felt pad, which carries the ink for the wind -direction pen 
arms, should be inked each time the record sheet is changed. A new 
pad should be installed about once a month. The tension adjust- 
ments for the armatures need little care, but they should be checked 
frequently. 

25. Double register. — a. Purpose . — The double register serves to 
provide an automatic and continuous record of wind speed and wind 
direction. 

b. Description. — (1) General . — The major parts of the double 
register are similar to those of the quadruple register with the ex- 
ception that the arrangement is more compact and no tilting base 
is used to remove the pens from the drum. Figure 87 shows a plan 
view of the double register with all its component parts. 

(2) Clock unit. — The double-register clock unit is similar to the 
quadruple-register clock unit with the exception of the drum-coupling 
Mechanism. In this case an external gear, integral with a sliding 
couple, is mounted on the drum shaft in such a way that when the 
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drum bearings are released, the drum, shaft, and clock gear all lift 
out as a unit. 

(3) Drum . — With the exception that the double-register drum is 
shorter than the quadruple-register drum, and the spiral driving 
shaft is on the right, facing the instrument, it is similar to the quad- 




Figure 87. — Double register. 



ruple-register drum. The double-register record sheet also turns 
four times in 24 hours, producing a spiral trace when the chart is on 
the drum. Since there is no rainfall record made on this record sheet, 
the chart is about half as wide as the quadruple-register chart. Both 
the wind-speed and wind-direction traces fall in the same space 
provided on the chart. Figure 88 shows the double-register record 
sheet. 

(4) Wind-speed pen . — Paragraph 246(5) describes the operation 
of the quadruple-register speed pen. This explanation applies in 
the same way to the double-register speed pen which produces exactly 
the same form of speed trace. 
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(5) Wind-direction pens . — Here there is a major difference between 
the quadruple register and the double register. Two pens instead of 
four are used to record wind directions. Instead of a series of dots 
occuring every minute, short stub lines projecting from one side or the 
other of two parallel lines running along the length of the chart, indi- 
cate the direction of the wind being recorded. (See fig. 89.) Four 
electromagnets are still required to produce this trace, but only two 
pen arms are used in such a way that two cardinal directions arc 
recorded on the sides of each neutral line which is drawn when the 
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Figure 89.— Sample traces from double register. 



electromagnets are not energized. In the case of semicardinal direc- 
tions where it is necessary for the pen to move first to one side of a 
neutral line and immediately to the other side, a double contact 
arrangement in the clock is provided so that as the cam, which 
revolves every minute, strikes the contact points, one point is closed 
and opened a second or so ahead of the other contact point. A study 
of the wiring diagram shown in figure 90 will assist in understanding 
the recording circuits. 

c. Installation . — The same procedure as explained in paragraph 24c 
applies to the double register. Figure 90 should be used as a guide for 
wiring the instrument to the cam collar and 3 -cup anemometer. 
Self-contained diy-cell batteries an' used. 

d. Use. — (1) Preparing the chart . — -Form No. 97 is the record sheet 
used on the double-register drum. The information required in the 
blank spaces is self-explanatory. See figure 88, which shows the 
double-register record sheet. 
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(2) Changing chart . — After the new chart has been prepared, open 
the metal case of the double register, lift off the three pen arms and 
fold them back. Release the drum-shaft bearings and lift out the 
drum assembly. Remove the spring bands and take off the old chart. 




This chart should be placed carefully between blotters to prevent 
smearing of the ink records. The new chart is placed on the drum with 
its bottom edge against the spiral-shaft end of the drum. Insert the 
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drum assembly in its bearings and lock the bearing caps in place. 
Rotate the drum to the extreme right, and with the drum-release 
screw loosened and the coupling-release screw loosened, turn the 
drum until the chart overlap is on top-center. Holding the drum 
with the right hand in this position, replace the three pens with the 
left hand and allow the pens to fall exactly on the overlap of the chart. 
Still holding the drum with the right hand, turn the drum shaft with 
the left hand until the three pens are within the space on the chart 
provided for the two traces, then tighten the coupling-release screw 
and the drum-release screw. The drum will now be rotated by the 
clock and drawn along its shaft, providing for a spiral trace of wind 
speed and direction. 

(3) Beading traces . — The wind-direction trace will be a pair of parallel 
lines, from which short, lateral lines project about one-eighth inch. 
These lateral lines may be made singly, or in combinations of two, 
from either side of the two parallel lines. (See fig. 89.) The prevail- 
ing-wind direction for a period will be determined by the greatest 
number of any one type of single projections, or the greatest number 
of any particular combination of two projections. The wind-speed 
trace occupies the same space on the double-register record sheet as 
the wind-direction trace. The procedure for reading the speed trace 
on this instrument is exactly the same as on the quadruple register. 
A buzzer, connected to the one-sixtieth mile contact of the 3-cup 
anemometer, is mounted on the double register and may be used to 
measure instantaneous wind speed. It is controlled by a toggle 
switch mounted in the base of the instrument at the lower right-hand 
corner. 

e. Care . — (1) The double register may be operated from an internal 
battery system which consists of two small dry cells, or it may bo 
operated by an external battery system of either dry or wet cells. 
When either system is used with dry cells, careful check must be. kept 
to insure that there is enough electric current to operate the electro- 
magnets. When wet cells are used, they should be checked once a 
week. 

(2) A weekly cheek of the clock contact springs should be made. 
If any dirt has collected on the electrodes, or they have been burned, 
clean them with a small piece of fine emery cloth. The duration of 
contact between the minute-wheel cam and the electrodes should be 
checked at this weekly inspection. Care should be taken to insure 
that friction between the contacts is not great enough to stop the 
movement of the clock. The clock should be cleaned and oiled once 
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each year by a competent clock repairer or jeweler. A small amount 
of clock oil should be placed in the drum-axle bearings once a week. 

(3) Sometimes clock stoppage may be caused by too close a mesh 
between the cogwheel on the drum axle and the cogwheel of the clock- 
work with which it is engaged. The proper mesh may be obtained 
by turning of a setscrew located in the front of the clock base. Lo- 
cated on top of the armature box are six adjusting screws. An ad- 
justment by use of these setscrews is seldom required. The three 
setscrews labeled “armature adjustment” move the armatures on 
movable plates, and it is thus possible to regulate the lateral move- 
ment of the respective pen arms. The three setscrews labeled “ten- 
sion adjustment” regulate the tension on the pens, so that the pens 
will return to normal position after they have been pulled to one side 
by an electromagnet. 

26. Ceiling light. — a. Purpose. — The ceiling light is a light 
projector used in determining the height of the base of clouds. 

b. Description . — (1) General . — The ceiling-light projector consists 
of a metallic drum housing a set of parabolic reflectors, a powerful 
incandescent lamp, and a mechanical arrangement for focusing. This 
drum is mounted on trunnions which permit elevation of the light 
beam from the horizontal to the vertical. The trunnion arms are 
mounted on a casting, which serves as a transformer case and a base 
for a slip-fit mounting over a vertical stud consisting of 4-inch stand- 
ard pipe. 

(2) Airplane-type lamp. — The lamp theoretically best for use in a 
projector of this type is one in which the source of light is a brilliant 
point. Approaching this ideal is a lamp ordinarily used for airplane 
landing lights in which the luminous filament is concentrated in a 
very small space. This lamp is for use with low voltage, having 
a nominal rating of 12 volts, 420 watts, and 35 amperes. It has a 
mogul prefocus base and its average life is about 100 hours. Although 
other types of lamps are used in some of the older projectors operating 
on higher voltages, the airplane-type lamp is preferable because of 
its concentrated filament. 

(3) Reflectors . — The primary reflector (see fig. 92) is a high-grade, 
back-silvered, 16-inch glass parabolic reflector. The auxiliary reflector 
is also of the same construction but smaller, and is designed to redirect 
the “spill light” and utilize it in the main beam. 

(4) Primary focusing assembly . — The auxiliary reflector, the air- 
plane-type lamp with its base, and a frame which provides support 
and adjustment for both the above items comprise a unit which may 
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Figure 91.— -Ceiling light— front view. 



be termed the “primary focusing assembly.” When this whole 
assembly is properly adjusted with respect to the primary reflector, a 
very concentrated and narrow beam of light is given off from the pro- 
jector. The unit parts of this assembly, however, must be properly 
adjusted with respect to each other, and this is best done when the 
assembly is dismounted from the case. These adjustments will be 
described in detail in succeeding paragraphs. 

(5) Step-down transformer . — The transformer provided for low- 
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voltage projectors is equipped with a total of eight leads, a common 
lead and seven taps which permit the use of this equipment on line 
voltages varying from 90 to 120 volts. In order to obtain the most 
satisfactory results from the projector, it is necessary that the lamp 
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be cheeked under full load conditions to see that it is operating at 
its rated voltage. If the measured voltage at the lamp is too high or 
too low when it is operating, the line connection should be adjusted 
to the proper primary tap which will produce the correct rated oper- 
ating voltage at the lamp terminals. This transformer is rigidly 
mounted in the cast case above the slip fitter, and provision is made to 
carry the power leads to its primary winding through the 4-inch pipe 
stud mounting, thus permitting all wiring to be totally inclosed. 

c. Installation . — (1) Location of projector . — The low-voltage pro- 
jector should be placed not less than 750 feet, and as a rule not more 
than 1,000 feet, measured horizontally, from the observing point. 
It is not necessary that the projector and the observing point be on 
the same level when a clinometer is used. A control switch for the 
projector should be located outdoors where the observer will be out 
of the glare of lights. The line of sight from the observation point 
to the projector should preferably be from south to north in order to 
avoid occasional inconvenience due to moonlight. 

(2) Mounting the projector . — Projectors are provided with a slip 
fitter for mounting at the top of a 4-inch iron pipe. This device slips 
over the top of the pipe and is then clamped to it by set screws. A 
section of 4-inch pipe, 6 feet long, is set 3 feet into the ground. A flat 
stone should be placed under the end of the pipe. The ground should 
be thoroughly tamped about the lower end of the pipe to make sure 
of rigidity. A collar of concrete about 4 inches thick and extending 
about 8 inches above the surface should be provided to hold the pipe 
firmly. 

(3) Leveling the projector drum. — A graduated quadrant is furnished 
on the side of the housing between the drum and the trunnion arm to 
permit indications of elevation from 0° to 90°. Two machined sur- 
faces are provided on this quadrant, located 90° apart, so that by 
means of a spirit level it is possible to adjust the beam in such a 
manner that it may be checked horizontally and vertically. Verti- 
cally of the projector beam may be checked by sighting a plumb line 
against the beam from two positions, one in line with the axis, and one 
at right angles to it. 

(4) Focusing the projector . — The first step in focusing the projector 
is to adjust the lamp with respect to the auxiliary reflector. The 
primary focusing assembly should be dismounted from the case of the 
projector. To adjust the center of the lamp filament to the central 
axis of the auxiliary reflector, loosen the machine screw marked ‘level 
adjusting screw. ” Move the lamp assembly up or down until the 



144 



Digitized by AjOOQle 




THE WEATHER OBSERVER 



TM 1-235 
26 



center of the filament is at the central axis of the reflector, and tighten 
the adjusting screw. (See fig. 92.) Next, adjust the lamp to the 
focal point of the auxiliary reflector by loosening the nut on the 
screw marked “focusing adjustment,” and moving the lamp closer to 
or farther from the reflector until the inverted image of the filament 
appears the same size as the filament itself, then tighten the nut down 
securely. The primary focusing assembly should now be adjusted 
properly and ready for mounting back in the projector case. A 
three-point support arrangement is provided for mounting this 
assembly in the projector housing and for focusing relative to the 
primary reflector. The three supporting studs are threaded into the 
housing and are provided with check nuts to permit locking the studs 
in position once the projector is focused. Two of these studs are 
located approximately l}i inches from the center of the assembly, and 
their manipulation provides sideway motion for the bidb and auxiliary 
reflector. The third stud is located toward the rear of the projector, 
and its manipulation tilts the lamp assembly in or out toward the 
main reflector. When the check nuts are loose, these studs may be 
turned with a screw driver to accomplish the primary focus. In 
order to focus this assembly, it is necessary to level the projector 
housing so that the axis through the focal points of the primary 
reflector is horizontal. Then manipulate the three focusing studs 
until the most intense beam of light, with the narrowest divergence, 
is obtained. It is recommended that the beam be projected on a 
target approximately 200 feet away and arranged at the same height 
above the mounting level as the center of the reflectors. After the 
projector is satisfactorily focused, the check nuts should be tightened 
so that the adjusting studs cannot be moved readily out of position. 

d. Use . — (1) Clinometer . — The clinometer is used to measure the 
angular elevation of a spot of light projected on the base of a cloud at 
night. (See fig. 93.) The sighting tube is nearly 3 inches in diameter 
at its outer end in order that not only the light spot on the cloud, but 
a portion of the surrounding dark sky as well, may be included in the 
field of view for contrast. A pair of cross wires aid the eye in center- 
ing on the light spot. A quadrant with scale 0° to 90°, in whole- 
degree graduations, is rigidly attached to the underside of the tube, 
and a pendant is pivoted on a horizontal axis in a way to permit it 
to hang vertically of its own weight when the tube is sighted on an 
object. The reference line on the pendant coincides with the zero 
line on the quadrant when the tube is sighted on an object at the same 
level, and coincides with the 90° line on the quadrant when it is 
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sighted on the zenith. A clutch, operated by turning a milled-head 
screw with the left hand, clamps the pendant in position when a 
sight is made. Three sights should be taken, and the average of the 
three used for calculating the height of the ceiling. When the clinom- 
eter is used, the ceiling-light projector is directed vertically or at some 
known angle of elevation. Using the length of the base line and the 
angle of elevation of the line of sight from the observing point, all 
necessary elements of the involved triangle are known. From these 
values, the height of the base of the cloud may be computed readily. 




(2) Measurement oi ceiling without a clinometer . — In the absence of 
a clinometer, the height of the cloud ceiling may be found by pacing 
off the distance from the projector to a point on the ground under- 
neath the light spot on the zenith, the light beam from the projector 
being directed at an angle of either 45° or (33°26' with the horizontal. 
For a 45° elevation, the distance is equal to the height of the ceiling; 
for a 63°26' angle, the height is twice the distance paced. The 
arrangement of a ceiling-light projector and clinometer is shown 
diagram matically in figure 94. 
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e. Care . — Only occasional cleaning of the glass reflectors is necessary 
on the ceiling light because 4 of the weatherproof housing. Dirt and 
dust should be wiped off the projector glass cover at least once a week. 




Care should be exercised to prevent keeping the projector light burning 
for long periods, as heat collecting in the housing may injure the glass 
reflectors. 
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27. General. — a. Definition . — A surface weather observation is a 
collection of information describing the meteorological conditions 
present at a given station at the time of observation. Such observa- 
tions form the bases for all teletype weather messages emanating from 
the station and for all voice-radio broadcasts of local weather condi- 
tions by local facilities and nearby transmitting units. They are, in 
other words, the principal source of weather information upon which 
incoming-aircraft flight plans are premised. A further purpose is 
served in furnishing a collected item of data, which, together with 
similar observations from other points, makes possible synoptic 
meteorological analyses. It is, therefore, not difficult to recognize 
the importance of an accurately accomplished “surface observation.” 
Since the factors of which the surface observation is composed are 
subject to change, the least possible time consistent with accuracy 
must be consumed in working the observation. For the same reason, 
such elements as ceiling and visibility, which are obtained early in 
the observation and are of critical importance, should be subjected to 
careful verification at the completion of that portion of the observation 
which is made outdoors. 
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b. Elements of a complete surface weather observation . — (1) The 
following list is composed of those elements of a complete surface 
observation which are directly observed: 



(а) Clouds. 

(б) Ceiling. 

(c) Visibility. 

(d) Minimum temperature. 

(e) Maximum temperature. 
(/) Temperature. 

( g ) Wet-bulb temperature. 

(h) Thermograph reading. 

(i) Hydrograph reading. 

(j) Amount of precipitation. 



( k ) Depth of snow. 

(l) Weather and/or obstructions 
to visibility. 

(m) Wind. 

(n) Temperature of barometer 
(attached-thermometer reading). 

(o) Observed barometer reading. 

(p) Barograph reading. 

(q) Pressure tendency and 
amount of change. 



(2) The following data are quantities derived from those elements 
listed in (1) above: 



(а) Dew point. (/) Sea-level pressure (inches). 

(б) Relative humidity. (g ) Sea-level pressure (milli- 

(c) Total barometer correction, bars). 

(d) Station pressure. ( h ) Altimeter setting. 

(e) Average of temperature 12 
hours ago and at present. 



c. Order in which elements of a surface observation are obtained . — The 
elements of the observation are noted and computed in the order in 
which they are listed in b above. When an observation is taken 
which does not include all of the elements, the observed elements are 
observed in the same relative order, with the elements that are not 
required omitted. 

d . Recording the observation . — For that observation made nearest 
0800 1ST, the data obtained are recorded directly on SC Form No. 2. 
This form permits entry of those quantities (such as readings of the 
maximum and minimum thermometers) whose principal utility lies in 
furnishing “extreme” values and in furnishing data for correction of 
the recording instruments. Normally, such elements are observed but 
once a day (at 0800 LST) although local requirements may necessi- 
tate additional observations of similar function. In addition, perti- 
nent elements of these data for 0800 LST are transcribed to SC Form 
No. 94. All other observations may be entered on locally prepared 
forms, and the completed data are transcribed to Form No. 94 for 
composition of the teletype message and for record. Normally, the 
locally prepared form is not preserved. 
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e. Time of observation . — The time of the observation is the time at 
which the observation must be ready for use, and is stated to the 
nearest whole minute, local standard time. At most stations an 
observation is made at least once each hour. Local requirements, and 
the character of the weather and changes thereof, frequently dictate 
additional times at which observations must be made. 

f. Types of observations . — It is imperative that the weather infor- 
mation from any reporting station equipped with teletype or radio 
facilities or both, be up-to-date at all times. For this reason the 
following “types” of observations required from such stations have 
been evolved: 

(1) Record observation . — The “record” observation is the hourly 
observation taken at such a time as to permit participation in the 
National Communications Schedules for radio or teletype. It is regu- 
larly the first observation transmitted in each 60-minute period, be- 
ginning at 30 minutes past the hour. The “record” observation must 
furnish the following data: ceiling, state of the sky (cloudiness), visi- 
bility, weather, obstructions to visibility, sea level pressure, tempera- 
ture, dew point, wind velocity and character, altimeter setting, perti- 
nent information not available elsewhere under preceding items. 

(2) Check observation . — The “check” observation is a comparison 
by actual observation of the existing values of ceiling, sky, visibility, 
weather, obstructions to vision, wind and altimeter setting, with those 
currently reported and in use. Such observations will be made at 
designated times between the hourly “record” observations so as to 
conform with local radio broadcasts. Their purpose is to determine 
whether there has been any change in the elements mentioned and to 
bring the data up to date. If no change has occurred, the current 
observation will continue to be used in broadcasts, with the time 
designated as that of the “check” observation. If the “check” obser- 
vation indicates that conditions have changed, but not enough to 
warrant designation as a “special” observation (see (3) below), then 
these changed values will be used in place of those given in the current 
report until the next “record” or “special” observation. Whether 
change has occurred or not, such observations will be entered on 
Form No. 94. 

(3) Special observation. — (a) A “special” observation is a new ob- 
servation taken when a marked change in weather conditions, as 
delineated in ( b ) below, occurs. If such a change occurs at the time 
of a “record” observation, the observation becomes a “record special,” 
and carries the designation of “special” when transmitted or broad- 
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cast. Since the majority of “special” observations will be made at 
times other than those of “record” observation, and weather changes 
requiring the filing of the “special” may not involve temperature, dew 
point, altimeter setting, and barometric pressure, these data may have 
the same value as in the last previous “record,” “check,” or “special” 
observation, unless one or more of the following changes occur, in 
which case the new values will be reported: 

1 . Temperature rises or falls at the rate of 10° or more per hour. 

2. Altimeter setting is 0.02 of an inch or more different from 

that last reported. 

8. Dew point changes 3° or more from the last reported value. 
It is not necessary to take a psychrometric reading for 
each special unless such a change is suspected. 

(6) Rules for making and filing special observations . — A “special” 
observation will be made and filed whenever any of the following 
changes, or combinations of them, occur: 

1 . At stations within control zones, whenever the weather 

changes so as to result in a changed classification from 
that last reported. 

2 . At the beginning or ending of precipitation, indicating a 

change from a period of no precipitation to one with 
continuous or intermittent precipitation, and vice versa. 
Under showery conditions, it will not be necessary to 
report each beginning or ending unless the period 
between showers is longer than 15 minutes. When this 
period is less than 15 minutes, suitable entry will be 
made under remarks for any report. 

5. At the beginning and ending of the occurrence of hail. 

4 .. When a thunderstorm not previously reported occurs, or 
when one previously reported shows marked increase in 
intensity. Also at the cessation of a thunderstorm 
previously reported. 

6. A change in cloudiness below 10,000 feet from “clear” (or 

few) to “broken” or from “scattered” to “overcast,” 
and vice versa. 

6 . A change in cloudiness below 900 feet from “scattered” to 
“broken” and vice versa, except that at stations located 
within control zones, a change in cloudiness below 1,500 
feet from “scattered” to “broken” and vice versa. Fre- 
quent fluctuations between scattered and broken clouds 
should be reported under “Remarks,” and when so 
reported, a “special” for each brief change is not filed. 
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7. Whenever the ceiling lowers to below 500 feet or rises to 

above 500 feet, sufficiently to require reporting of a value 
of 400 feet or less, or 600 feet or more. If the ceiling is 
fluctuating between 400 and 600 feet so rapidly that 
filing of specials becomes impracticable, then the ceiling 
is characterized as “variable.” 

8 . Beginning or ending of fog, ground fog, or ice fog. 

9 . Beginning or ending of thick or dense ground fog, thick or 

dense fog, thick or dense ice fog. (A change from thick 
to dense or the reverse, of the same type fog does not 
require a Special.) 

10. A change from one type to another type of fog. 

11. A wind shift passes the station. 

12. Beginning and ending of tornadoes, sandstorms, or dust- 

storms, if observed within 7 miles of the station. 

18. When the visibility lowers from 7 miles or more at the last 
previous observation to 3 miles or less. 

H. When the visibility lowers from a value less than 7 miles at 
the last previous observation, by one-half or more. (A 
change in visibility from one-eighth mile to zero, is not 
included.) 

15. When a visibility originally less than 4 miles increases to 8 

value two or more times that last reported. (A change 
in visibility from zero to one-eighth mile is not included.) 

16. During daylight hours, whenever the visibility lowers to 

less than 1 mile or rises to 1 mile or more. When visi- 
bility values are fluctuating rapidly within the range of 
% to 1% miles, inclusive, so that the filing of a special 
for each brief change is impracticable, “variable” will 
be applicable. 

1 7. During hours of darkness whenever the visibility lowers to 

less than 2 miles, or rises to 2 miles or more. When 
visibility values are fluctuating rapidly within the range, 
1% to 2% miles, inclusive, so that the filing of a special 
for each brief change is impracticable, “variable” will be 
applicable. 

18. A doubling of wind speed when the increase is to 30 miles 

per hour or more. 

19. A marked shift in wind direction, particularly from east or 

south to west or south, accompanied by an increase in 
velocity. 
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20. A change in “station pressure” since the previous “record” 

or “special” observation taking place at the rate of 0.08 
inch or more , per hour. “Special” observations, due 
exclusively to rapid changes in pressure as specified, 
will be filed at 15-minute intervals as long as this rate 
of pressure change persists. 

21 . The conditions listed above will not cover all cases wherein 

a “special” observation should be filed. The intention 
is that any change of importance to the safety of air 
traffic will be reported as soon as it occurs. 

(4) Local extra observation . — “Local extra” observations, composed 
of ceiling, sky, visibility, weather, obstructions to visibility, and 
remarks, will be made each 15 minutes, beginning with the first 15 
minutes following a “record,” “check,” or “special” observation which 
shows a ceiling less than 600 feet or a visibility less than 1% miles, 
and continuing until an observation shows a ceiling of 600 feet or more 
and a visibility of 1} 4 miles or more. 

28. Clouds. — A complete observation of clouds must include the 
amount of cloudiness, heights of the clouds, types of clouds present, 
direction of motion of the clouds, and an indication of the appearance 
of the sky as a whole with reference to clouds. 

a. Amount oj cloudiness . — The amount of cloudiness is indicated as 
the fractional part of the dome of the sky obscured by clouds; or as 
being clear, having scattered clouds, or broken clouds ; or being overcast. 

(1) Numerical indication oj cloudiness . — The amount of cloudiness 
is indicated as the fractional part of the entire dome of the sky occu- 
pied by clouds. The fraction is expressed as the nearest whole number 
of tenths, with the decimal point (or denominator) omitted. Thus the 
figure “7” would indicate that seven-tenths of the sky is occupied by 
clouds. Whenever clouds are present, but the amount is closer to 0 
than to 1, the cloudiness is characterized as “few.” Whenever clouds 
do not completely cover the sky, but still are closer to 10 than to 9, 
the cloudiness is characterized as “overcast with breaks.” When 
the amount of cloudiness is indicated by numbers as described above, 
reference is made only to the amount of cloudiness actually visible. 
When clouds are recorded according to type, the amount of clouds of 
that type is recorded at the same time, and the numerical indications 
shown above are used. If only cumulus clouds and cirrus clouds 
are visible in the sky, and they cover three-tenths and five-tenths of 
the sky, respectively, two-tenths of the sky would be blue. The 
clouds recorded by type would appear as 5 Ci, 3 Cu. 
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(2) Indication of cloudiness by “ sky condition . 11 — There are four 
basic descriptive terms employed in indicating cloudiness by stating 
the “sky condition.” These terms and the symbols representing 
them are as follows: 

Clear O when total cloudiness is less than 1. 

Scattered ® when total cloudiness is 1 to 5, inclusive. 

Broken dD when total cloudiness is 6 to 9, inclusive. 

Overcast ® when total cloudiness is more than 9. 

Since cloudiness is not confined to one level, simple employment of 
the terms listed above is frequently inadequate to lend a complete 
description of the actual state of the sky with respect to cloudiness. 
The use, then, of combinations of these terms and symbols to repre- 
sent more than one layer of clouds is indicated. To clarify further 
the meaning of these combinations, modifying terms and symbols 
are used. Since, so far as flying operations are concerned, cloudiness 
occurring above about 10,000 feet is of less importance than that 
occurring below that level, all such cloudiness is figuratively grouped 
together as one layer for descriptive purposes. Actually, the figure 
fixed upon is 9,750 feet, and any cloudiness above that level is referred 
to as “high.” Cloudiness below 9,751 feet is referred to as “lower/’ 
Whenever “high” cloudiness occurs, either in combination or singly, 
the modifying term “high” will be used with the state of the sky 
above 9,750 feet, as, “high scattered, lower scattered” ®/®, or 
simply “high scattered” ®/. The symbol /, following the state of 
the sky above 9,750 feet, is used to indicate that the cloudiness referred 
to is above that level. This practice is adhered to regardless of the 
state of the sky below 9,751 feet. The slant mark is not used in 
the absence of “high” cloudiness. When a layer of clouds below 
9,751 feet occurs singly, the modifying term “lower” is omitted and 
the lack of any modifying term will in itself denote the fact that the 
clouds are below 9,751 feet. When a cloud layer below 9,751 feet 
is described in combination with a “high” layer, the term “lower” 
will always be employed, as “high scattered, lower broken” CD/dD - 
However, when such a layer is described in combination with a second 
layer, also below 9,751 feet, the term “lower” will be used only with 
the lower of two such layers, as “broken, lower broken” No 

more than two sky conditions will be grouped together to form the 
final descriptive term. The following examples of combination de- 
scriptive terms are furnished for information and guidance: 
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Symbol 


Descriptive phrase I 


Condition represented 


©/ 


High scattered clouds 


All cloudiness is above 9,750 feet; total 
cloudiness is one-tenth to five-tenths, in- 
clusive. 


®/ 


High broken clouds. 


All cloudiness is above 9,750 feet; total 
cloudiness six-tenths to nine-tenths, in- 
clusive. 


©/ 


High overcast clouds. 


All cloudiness is above 9,750 feet; total 
cloudiness more than nine-tenths. 


©/® 


High overcast, lower scat- 
tered clouds. 


One layer above 9,750 feet and one below; 
lower cloudiness is one-tenth to five-tenths, 
inclusive, and total of tenths covered is 
over nine. 


0/CD 


High overcast, lower bro- 
ken clouds. 


One layer above 9,750 feet and one below; 
lower layer is over five-tenths, but not 
more than nine-tenths, and total of tenths 
covered is over nine. 


e 

© 


High broken, lower scat- 
tered clouds. 


One layer above 9,750 feet and one below; 
lower layer is from one-tenth to five-tenths 
inclusive, and total of tenths covered is 
from six to nine inclusive. 


0 

© 


High broken, lower bro- 
ken clouds. 


One layer above 9,750 feet and one below; 
lower layer is from six-tenths to nine- 
tenths, inclusive, and total of tenths cov- 
ered is from six to nine inclusive. 


©/© 

i 


High scattered, lower 
scattered clouds. 


One layer above 9,750 feet and one below; 
total cloudiness does not exceed five- 
tenths, and each layer separately covers 
one-tenth or more. 


© 

© 


High scattered, lower 
broken clouds. 


One layer above 9,750 feet and one below; 
lower layer is over five-tenths but not 
more than nine-tenths, and it is clearly 
evident to the observer that the high 
layer is “scattered.” 


00 * 


Overcast, lower scattered 
clouds. 


Two layers below 9,751 feet; lower layer is 
one-tenth to five-tenths inclusive, and 
total of tenths covered is over nine. 


©® 


Overcast, lower broken 
clouds. 


Two layers below 9,751 feet; lower layer is 
from six-tenths to nine-tenths inclusive, 
and total of tenths covered is over nine. 


(D0 


Overcast, lower scattered 
clouds. 


Two layers below 9,751 feet; lower layer is 
from one-tenth to five-tenths inclusive, 
and total of tenths coverecMs from six to 
nine inclusive. 


HMD 


Broken, lower broken 
clouds. 


Two layers below 9,751 feet; lower layer is 
from six-tenths to nine-tenths inclusive, 
and total coverage does not exceed nine- 
tenths. 
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Symbol 


Descriptive phrase 


Condition represented 


0® 


Scattered, lower scattered 
clouds. 


Two layers below 9,751 feet; lower layer is 
from one-tenth to five-tenths inclusive, 
and total coverage does not exceed five- 
tenths. 


0® 


Scattered, lower broken 
clouds. 


Two layers below 9,751 feet; lower layer is 
from five-tenths to nine-tenths, and it is 
clearly evident to the observer that the 






upper deck is “scattered.” 



b. Height of clouds . — (1) Definition. — The height of clouds is the 
elevation of the bases of the clouds above the ground. The height is 
recorded to the nearest 100 feet when the cloud bases are below 5,000 
feet; when the clouds are above 5,000 feet, the height is recorded to 
the nearest 500 feet. When the height is entered on Weather Service 
forms, the last two zeros are omitted, and the height is thus expressed 
in hundreds of feet. 

(2) Measurement and estimation of cloud heights . — (a) Pilot balloons— 
Pilot balloons may be used to measure cloud heights. A properly 
inflated balloon rises at a known rate. The table below gives the 
height of the pilot balloon for each minute after its release. This 
table is based on a free lift of 4.66 ounces for a hydrogen-filled balloon. 
The observer notes the time of release of the pilot balloon and the 
time at which it enters the cloud base. .Corresponding to the time 
interval that elapses, is the height of the balloon, and therefore the 
bases of the cloud. When necessary, interpolation is used to deter- 
mine the height. 



Rate of ascent of 1.06 ounce balloon with i.66 ounces of free lift 



• 


Height 


Height 




Height 


Minutes after release 


of balloon 


Minutes after release of balloon 


Minutes after release 


of balloon 




in yards 


in yards 




in yards 


1 


240 


11 ' 2,300 


21 


4,300 


2 


460 


12 2,500 


22 


4,500 


3 


680 


13 2,700 


23 _ __ 


4,700 


4_ __ 


890 


14„ 2,900 


24 


4,900 


5 


1, 100 


15 3,100 


25 


5, 100 


6 


1, 300 


16 3, 300 


26 


5,300 


7 


1, 500 


17 3, 500 


27 


5,500 


8 


1, 700 


18 3,700 


28 


5,700 


9 


1, 900 


19 3, 900 


29 


5,900 


10 


2, 100 


20 4,100 


30 


6,100 
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(b) Ceiling light . — The ceiling light is used bo measure the height 
of clouds at night. The observer, standing at a specified distance from 
the light, measures the angle of elevation of the part of the cloud 
illuminated by the light. The vertical angle is measured with a 
clinometer. Each weather station where a ceiling light is used, has 
a table of cloud heights which correspond to elevation angles. 

(c) Pilot's reports . — When a pilot’s report relative to the height of 
the base of a layer of clouds is available, it may be used in reporting 
the height of clouds. Such reports are based on altimeter readings 
obtained upon entering or leaving the cloud layer. 

(d) Estimation . — When no measured value for the height of clouds 
is available, the height must be estimated. In estimating the height 
of clouds the observer may be guided by estimating the change in 
height since the height of the same clouds was last measured. When 
the clouds cut off nearby mountains or tall buildings, these facts may 
be used in making an estimate of cloud height. The average height 
of the observed type of cloud, together with its appearance, may be 
used in estimating the height of the cloud base. When cumulus 
clouds are in the sky at midday, the height of their bases may be 
estimated from the temperature and dew point of the air at the surface. 
This rough estimate is made by finding the difference between the air 
temperature and the dew point, in degrees Fahrenheit, and multi- 
plying that difference by 235. The product is the estimate of height 
in feet. 

(3) Ceiling . — The ceiling is the lowest height above the ground at 
which, and below which, the total amount of cloudiness constitutes 
broken (D or overcast 0 ; i. e., the amount of cloudiness at and below 
that height is six-tenths or more. When an observation of the 
amount of cloudiness is prevented by heavy precipitation, dense fog, 
or other weather conditions, the ceiling is zero. When the height, 
defined above, is greater than 20,000 feet, the ceiling is “ unlimited”; 
when the height is 10,000 feet or more, the ceiling is considered “high,” 
and will be reported as “unlimited” in all teletype or radio weather 
messages. Absence of broken or overcast clouds also constitutes an 
unlimited ceiling. Unlimited ceiling heights (greater than 20,000 
feet) are indicated on Weather Service forms by the absence of an 
entry in the ceiling space. When entry of ceiling height is made, 
an estimate must be indicated by an “E” immediately preceding the 
ceiling height, without space. The absence of an “E” with the ceiling 
height indicates that the height is a measured one. 
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(4) Reporting . — Ceiling heights and heights of “lower” clouds are 
indicated habitually whenever cloudiness is reported in terms of sky 
conditions. The ceiling invariably precedes all sky symbols and refers 
to the lowest reported clouds that are broken (ID or overcast ©. 
Other cloud heights arc recorded immediately preceding the cloud 
symbol to which reference is intended. When two “lower” scattered 
cloud layers are reported, only the lower of the two is accompanied 
by an indicated height. In those cases wherein a ceiling height is 
reported, no cloud height above the ceiling is reported. A number of 
examples illustrating the practice described above follow: 



E45 0OD 
45 0200 
E23 0/dD 
0/25 0 



250 



Ceiling 4,500 feet (estimated height of layer); 
above the ceiling. 

Ceiling 4,500 feet (measured height of layer); layer 
at 2,000 feet. 

Ceiling 2,300 feet (estimated height of layer); layer 
above 10,000 feet. 

Ceiling unlimited; high scattered, lower scattered 
clouds at 2,500 feet. 

Ceiling unlimited; scattered clouds at 2,500 feet. 



c. Types of clouds. — (1) Families. — All clouds are divided among 
four families, according to the range of height within which they 
usually occur. 

(а) High (cirrus) cloud s. — The cirrus family includes _cirrus, cirro- 
cumulus, and cirrostratus clouds. The mean lower level of cirrus 
family clouds is 20,000 feet ; they may be much higher. 

(б) Middle clouds. — The family of middle clouds comprises alto- 
stratus and altocumulus clouds. They range from a mean lower level 
of 6,500 feet to a mean upper level of 20,000 feet. 

(c) Low clouds. — Cloud types which are in the low-cloud family 
are stratocumulus, stratus, and nimbostratus. They range from a 
mean lower level close to the ground to a mean upper level of 6,500 
feet. 

(d) Clouds with vertical development. — Clouds in this family are 
cumulus and cumulonimbus. Their range of height is from a mean 
lower level of 1,600 feet to a mean upper level at the top of the tropo- 
sphere. 

(2) Major types . — Clouds are further divided into ten major types, 
according to the appearance of their structure and their height. 

(a) Cirrus. — Cirrus clouds are detached clouds of delicate and 
fibrous appearance, without shading, generally white in color, often 
of a silky appearance. Cirrus clouds are always composed of ice 
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crystals, and their transparent character depends on the degree of 
separation of the crystals. As a rule, when those clouds cross the 
sun’s disk, they hardly diminish its brightness; but when they are 
especially thick, they may veil its light and obliterate its contour. 
Thin patches of altostratus cloud may similarly veil the sun’s light, 
but they are distinguished by the absence of the dazzling and silky 
white edges that occur with cirrus. Before sunrise and after sunset 
cirrus clouds are often colored bright yellow or red. These clouds are 
lighted up much earlier and fade out much later than other clouds; 
some time after sunset they become gray. At all hours of the day 
cirrus clouds near the horizon often have a yellowish color; this is 
due to the great thickness of the air traversed by light from the cloud. 

(b) Cirrocumulus . — Cirrocumulus clouds are small, white masses of 
cloud, globular or flakelike in appearance, usually without shadows. 
They are ordinarily part of a patch or layer and are arranged in groups 
or rows, often so close together as to appear like ripples in a continuous 
cloud deck similar in appearance to ripples on the sand of a beach. 
Altocumulus clouds, a more common type than cirrocumulus, often 
have the same appearance as cirrocumulus. Certain characteristics 
of cirrocumulus clouds differentiate them from altocumulus clouds. 
In the absence of any such characteristics, clouds that look like cirro- 
cumulus and like altocumulus are to be identified as altocumulus. 
When any one of the characteristics of cirrocumulus clouds is shown 
by such clouds, they shall be identified as cirrocumulus. The follow- 
ing are characteristic conditions of cirrocumulus clouds which dis- 
tinguish them from altocumulus: 

1 . There is an evident connection between the clouds in ques- 
tion and cirrus or cirrostratus clouds. 

8. The clouds in question are evidently higher than some cirrus 
or cirrostratus clouds. 

8 . The clouds in question are evidently a result of development 
from cirrus or cirrostratus clouds. 

4. The cloud in question exhibits halo phenomena. 

(c) Cirrostratus . — A cirrostratus cloud is a cloud in the form of a 
thin, whitish veil which does not blur the outlines of the sun or moon, 
but which usually gives rise to halos. Sometimes it is quite diffuse 
and merely gives the sky a milky look ; sometimes it shows a fibrous 
structure with disordered filaments. The sheet is never so thick as to 
prevent the sunlight’s coming through sufficiently for terrestrial 
objects to cast shadows on the ground. A milky veil of fog, stratus, 
or thin altostratus is distinguished from cirrostratus by the absence 
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Figure 97.— Cirrocumulus clouds. 







Figure 100.— Cirrostratus clouds (with halo). 
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Figure 102.— Altocumulus clouds. 
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Hours 104.— Altocumulus clouds (with virga). 
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Figure 105. — Altostratus clouds (with fractostratus). 




Figure 106 . — Altostratus clouds. 
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Figure 108. — Stratocumulus clouds. 
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Figure 111.— Cumulus clouds (with pileus). 




Figure 112.— Cumulus clouds. 
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Figuk£ 113. — F ractocuiiuuas clouds. 




Figure 114.— Fractocumulus clouds. 
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Figure 115. — Cumulonimbus clouds. 




Figure 116. — Cumulonimbus clouds. 
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The thickness of altos tratus cloud ordinarily varies from one part of 
the sky to another, but never shows any relief; i. e., its bottom sur- 
face is always flat. Light to moderate rain or an intensity of snow 
may fall from altostratus clouds. When heavy rain occurs and alto- 
stratus clouds have been previously observed, the heavy rain is an 
indication that the clouds have changed from altostratus to nimbo- 
stratus. Showers of rain or snow do not fall from altostratus clouds. 

(/) Stratocumulus . — Stratocumulus clouds are cloud masses shaped 
like laminae globular masses or rolls, arranged in layers or patches. 
The smallest of the regularly-arranged elements of the cloud deck are 
fairly large. The edges of stratocumulus clouds are not sharply de- 
fined, and their gray color varies from one part of the layer of cloud 
to another. Stratocumulus clouds may appear as a continuous sheet 
with distinct irregularities, or rolls, of large size. Very often the rolls 
are so close together as to leave no interstices, and only a wavy appear- 
ance remains. The elements of a stratocumulus cloud deck may be 
arranged in nearly uniform patterns of dark gray. 

( g ) Stratus . — Stratus cloud is a low, uniform layer or blanket of 
cloud that resembles fog, but does not reach the ground. A veil of 
stratus cloud gives the sky a hazy appearance. Precipitation from 
stratus cloud is only in the form of drizzle or frozen drizzle. How- 
ever, other forms of precipitation may fall from some cloud above the 
stratus through the stratus cloud. 

( h ) Nimbostratus . — Nimbostratus cloud is a low, amorphous layer 
of cloud which very often is the source of precipitation. Its appear- 
ance is dark gray and very nearly uniform. Nimbostratus cloud 
results from the lowering and thickening of altostratus cloud. It is 
the most common source of hea^vy, continuous rain and snow. Mod-, 
erate and light precipitation, generally continuous, fall from nimbo- 
stratus. Often nimbostratus cloud occurs without any precipitation. 

(i) Cumulus . — Cumulus clouds are dense clouds with vertical de- 
velopment. The upper surface is roughly dome-shaped and has 
rounded protuberances; the base is nearly flat and horizontal. The 
edges of cumulus clouds, especially on the upper surface, are sharply 
defined. When a cumulus cloud is opposite the sun, the surfaces 
facing the observer are brighter than the edges; when the sun lights 
the cloud from the side, strong contrasts of light and shade are visible ; 
when the sun is behind a cumulus cloud, the edges appear brightest. 
A cumulus cloud generally has a gray base and uniform structure of 
rounded parts up to its summit; no fibrous structure is apparent. How- 
ever, when the tops of cumulus clouds reach the altocumulus level, 
a light, diffuse, white veil sometimes develops over them. This veil. 
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known as pileus, is a lenticular cloud with a delicate striated or flaky 
structure. Often the pileus is shaped like a dome and may cover the 
tops of several cumulus clouds. 

(j) Cumulonimbus. — Cumulonimbus clouds are heavy masses of 
cloud with great vertical development whose cumuliform summits rise 
in the form of mountains or towers and whose upper parts have a 
fibrous texture and often spread out in the form of an anvil. The 
universal characteristic of cumulonimbus clouds is the fibrous texture 
of the upper parts. These fibrous parts are a variety of cirrus clouds 
and are not to be confused with pileus which may occur with either 
cumulonimbus or cumulus clouds. Cumulonimbus clouds generally 
produce showers of rain or snow. Sometimes they develop sufficiently 
to cause thunderstorms and hailstorms. The occurrence of thunder- 
storms, hail, moderate or heavy showers of rain or snow is conclusive 
evidence of the presence of cumulonimbus clouds. The underside of 
cumulonimbus cloud resembles that of nimbostratus. Furthermore, 
when either cumulonimbus or nimbostratus cloud is well developed, it 
is accompanied bv low, ragged clouds underneath. When sufficient 
information from the appearance of the cloud is not available, its 
type must be determined from such evidence as precipitation, present 
and recent, the presence or absence of thunder or lightning, etc. 

(k) Abbreviations — Abbreviations are always used in making record 
of clouds. Below are listed the standard abbreviations for the names 
of the 10 major cloud types: 

Cirrus — Ci Stratocumulus — Sc 

Cirrocumulus- — Cc Stratus — St 

Cirrostratus- Cs Nimbostratus — Ns 

Altocumulus -Ac Cumulus— Cu 

Altostratus- As Cumulonimbus — Cb 

(3) Additional subtypes of clouds.- — In addition to the 10 major types 
of clouds there are several especially noteworthy subtypes. These 
are recorded just like the major types of clouds whenever they occur. 

(a) Altocumulus castcllatus. — Altocumulus castellatus clouds are a 
special type of altocumulus clouds. They differ from other alto- 
cumulus clouds in that they have some appreciable vertical develop- 
ment upward from a layer of altocumulus. They are usually arranged 
in lines, and they appear like rising towers or battlements of cloud. 

(b) Fractostratus — Fraetostratus clouds are very low, irregular, 
formless shreds of cloud. Their color is dark gray. They result from 
the breaking up of a sheet of stratus cloud or they may be a state in 
the formation of stratus cloud, the fractostratus forming and then 
amalgamating into one sheet. 
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(c) Fr altocumulus . — Fractocumulus clouds are low, irregular clouds 
which have some cumuliform appearance. This cumuliform appear- 
ance, their vertical development, distinguishes them from fracto- 
stratus. 

(d) Cumulonimbus mammatus. — Cumulonimbus mammatus clouds 
are cumulonimbus clouds whose undersurfaces (the base or the under- 
side of the anvil) have a billowy appearance. The appearance of sacks 
or breasts protruding from the undersurface of a cloud characterizes 
that cloud as a mammatus variety. 

(e) Abbreviations. — Abbreviations are used in recording subtypes 
of clouds just as they are used for the 10 major types. The abbre- 
viations for the names of the subtypes of clouds are: 

Altocumulus castellatus — Fractocumulus — Fc 

Acc Cumulonimbus mamma- 

Fractostratus — Fs tus — Cm 

(4) Direction of movement of clouds. — The direction of movement of 
clouds is the direction from which the clouds are moving. The 
direction of movement is given to the nearest of the eight points of 
the compass, regular English abbreviations being used. For the 
direction of movement of clouds showing no perceptible motion, “O” 
is entered on Weather Service forms. Whenever the direction of 
motion cannot be determined, “u” is entered. 

(а) Direction of cloud movement from 'pilot-balloon soundings . — 
When, during a pilot-balloon sounding, the balloon enters the base of 
some clouds, the horizontal direction of motion of the balloon is the 
same as the direction of movement of the clouds. When the height 
of a layer of clouds is known, the direction of movement is given by 
the wind direction at that level, as computed from a pilot-balloon 
sounding. 

(б) Direction of motion from readings of a theodolite. — In determin- 
ing the direction of movement of a cloud, the observer notes the 
vertical and azimuth angles of a prominent part of the cloud in two 
successive positions. Assuming an arbitrary height for the cloud, the 
horizontal projections of the two successive positions are plotted on 
the regular pilot-balloon plotting board. The same height must be 
used for both positions. The direction of the first point from the 
second gives the direction of motion of the cloud. In plotting the 
horizontal projections the horizontal distance is taken from Tables of 
Vertical and Horizontal Components of Distances of Pilot Balloons, 
the height being the arbitrary height chosen. 
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(e) Dived observation of movement of clouds. — In directly observing 
the direction of movement of clouds, the observer watches the motion 
of a prominent part of the cloud relative to some fixed point near it 
(e.g., stars, sun, or moon, top of flagpole, comer of building). The 
motion of clouds directly overhead or nearly so is more apparent than the 
motion of one cloud nearer the horizon. The motion of one cloud in a 
layer is representative, ordinarily, of the motion of the entire layer. 
Thus, the observer should choose one of the clouds near the zenith in 
getting the motion of a layer of clouds. 

(5) State oj the sky. — The state of the sky represents the appearance 
of the sky as a whole. It is given by the state of the sky with respect 
to low clouds, with respect to middle clouds, and with respect to high 
clouds. These are represented symbolically as Ci, C m , and C h . There 
are ten different states of the sky for each of these levels, and they are 
represented as Ci=0, Ci=l, C { =2. . . Ci=9; C m =0, C m = 1 . 
C m =2 . . . C ra =9; and C h =0, C h =l, C h =2 . . . C h =9. When- 
ever the state of the sky can be properly represented by more than one 
classification for any one level, that classification which is designated 
by the higher number is the one used. Thus, if both C h = 1 and C h =9 
classifications coincide with the appearance of the sky, C h =9, and 
that alone for the C h designation, will be recorded. The state of the 
whole sky is given by a combination of the state of the sky at each 
level and is represented symbolically as Ch, C m , and Ch. There are, 
therefore, a maximum of 1 ,000 different states of the sky as a whole. 
(a) State oj the sky with respect to low clouds. — 1 . Ci=0: no low 
clouds in the sky. 

2. Ci—1: cumulus oj jine weather . — Cumulus clouds of fine 
weather are observed in several forms. They may be 
forming, usually in the morning; they may be completely 
formed, usually at about midday, having definite, hori- 
zontal bases and being either flat and deflated or with 
rounded tops (no cauliflower shape) ; they may be formed 
but broken up by the wind (fractocumulus). The 
fraetocumulus clouds of fine weather noted above and 
coded as Ci= 1 , must not be confused with the fracto- 
cumulus of bad weather which is coded Ci=6, or Ci=9. 
The former, C\=l, are detached white clouds, usually 
in a blue sky, and remain detached; the latter are found 
in the central part of a distrubance or in its rear. Bad- 
weather fractocumulus clouds form in the first case 
(Ci— fi) under a gray sheet of altostratus or of nimbo- 
stratus; in the second case (Ci = 9), in a sky crowded 
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with clouds at all altitudes. They may form under 
the bases of cumulonimbus or very large cumulus clouds, 
or in the spaces between these. In both cases they 
are dark, receiving little light, and generally become 
very numerous; while the fractocumulus clouds of fine 
weather are usually snow white on a blue sky and 
remain detached. 

3. Ci=2: cumulus , heavy and swelling , without anvil top . — 
Clouds classified as Ci=2 may form in calm air, 
especially on hot days. They have a heavy appearance, 
with flat bases and very great vertical development. 
They are sometimes in the form of towers, sometimes 
in the form of complex heaps with “cauliflower” forma- 
tion. They often have caps or heads, i.e., pileus. When 
Ci=2 occurs on windy days, the clouds are somewhat 
broken up. None of the clouds in the sky characterized 
as Ci=2 may have ice crystal clouds at the tops. The 
appearance of such fibrous parts indicate that the 
cloud is a cumulonimbus, Ci=3. 

4- Ci— 3: cumulonimbus clouds Of great vertical development , 
with the tops composed of ice-crystal clouds. — Sometimes 
the nascent ice-crystal cloud is merely mingled with 
the “cauliflower” tops, where a fibrous structure appears 
and the clear-cut outlines fray out; sometimes the com- 
pletely formed ice-crystal clouds crown the cumulus with 
a definite plume of cirrus, of a shape more or less like 
that of an anvil. Sometimes, especially in the spring and 
in the high latitudes, the ice-crystal formation involves 
nearly the whole cloud, even to the base. At the end of 
the growth of a cumulonimbus the lower cumuliform 
part of the cloud often tends to disappear, leaving only 
the upper or cirrus part. When the anvil, reaching 
nearly to the zenith, begins to overshadow the observer, 
a mammatus structure will often be seen on the lower 
surface of the anvil projection. Like the heavy and 
swelling cumulus, cumulonimbus is formed either in 
calms, especially on hot, thundery days, or in a strong 
wind in the rear of disturbances. Cumulonimbus is a 
regular factory of clouds. By extension at various levels, 
it often produces either cirrus masses by an extension of 
the ice-crystal parts, or masses of altocumulus or strato- 
cumulus by an extension of the cumuliform parts, and 
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these may end by becoming detached from the parent 
cloud. Thus, cumulonimbus, Ci=3, may coexist with 
cloud sheets that should be coded C h =3 or C m =6. At 
the end of the evolution of cumulonimbus, Ci=3 should 
be coded only when the cumuliform parts are still visible. 
When the cumuliform clouds have degenerated, the 
anvil top, or the clouds derived therefrom, should be 
coded Ch=2. When cumulonimbus nears the zenith, 
and its base, with low, dark underlying clouds often in 
the form of a roller or an arch, has covered all or nearly 
all the sky, code Ci=3 should be replaced by Ci=9. 

5. Ci= 4: stratocumulus, formed by the flattening of cumulus 

clouds. — Ci=4 represents stratocumulus clouds which 
form either due to dissipation of cumulus cloud at the 
top and spreading out at the bottom, or due to spreading 
out of the cumulus at the top while the lower parts 
dissipate. 

6. Ci=5 : layer of stratus or stratocumulus . — These are clouds 

usually forming a single layer, fairly regular and not 
very dark or menacing. They have a certain stability. 
The stratocumulus has often semitransparent parts, or 
even clear spaces between the elements of the cloud. 
The layer of stratocumulus may often be broken up. 
Code C i=5 is used only for those sheets of stratocumu- 
lus that are not formed from cumulus; otherwise they 
are coded C i=4 . The observer may be in doubt between 
Ci=5 and C m =3. The code Ci=5 is used only when the 
stratocumulus is fairly low and rather like stratus (large 
and rather diffuse tesselations or waves). If it is clearly 
high and related to altocumulus, it is coded C m =3. 

7. Ci=6: low , broken-up clouds of bad weather . — The following 

is the ordinary course of formation of these clouds: 
When a veil of altostratus becomes lower and tends to 
turn into nimbostratus, it usually has below it a gradu- 
ally increasing layer of fractocumulus or fractostratus. 
These clouds are isolated at first. They ultimately fuse 
into a continuous sheet, but through interstices the veil 
of relatively light, higher clouds may be seen. Continu- 
ous rain does not usually occur until after formation of the 
fractostratus or fractocumulus, which is then hidden by 
the precipitation or may even disappear under its 
influence. 
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5. Ci=7: cumulus of fine weather , and stratocumulus. — The 
clouds represented by Ci=7 are a sheet of stratocumulus 
with some cumulus cloud formed underneath. These 
cumulus clouds must not have any great vertical de- 
velopment. Also, they must not penetrate the layer of 
stratocumulus clouds ; otherwise they would be classified 
as Ci=8. 

9 . Ci=8: heavy or swelling cumulus , or cumulonimbus , and 

stratocumulus. — The clouds represented by Cx=8 are 
a sheet of stratocumulus with some well developed 
cumulus underneath. The clouds underneath must 
have great vertical development visible to the observer, 
or they must penetrate the stratocumulus deck, to be 
classified as Cx=8. 

10. C t =9: heavy or swelling cumulus or cumulonimbus and low , 

ragged clouds of bad weather. — When low, ragged clouds 
of bad weather are present at the same time as cumulus 
that has great development, or cumulonimbus, the sky 
is represented by Cx=9. It is not necessary that the 
observer actually see the cumulus or cumulonimbus. 
It is sufficient that he knows that either of these clouds 
are present. Showers, thunder, or hail are good enough 
evidence, in the presence of low, ragged clouds, to classify 
the sky as Ci=9. 

(6) State of the sky with respect to middle clouds. — 1. C m =0: 
no middle clouds visible. — When no middle clouds are 
visible, due either to their absence or to their being 
totally obscured by lower clouds, the state of the sky 
with respect to middle clouds is given as C OT = 0. 

2. Cm — 1 * typical thin altostratus . — In classifying clouds as 
C m =l, caution must be taken not to confuse cirro- 
stratus cloud with altostratus. The criteria of alto- 
stratus cloud are absence of halo phenomena, appearance 
of the sun shining through as through ground glass, and 
absence of sufficient light to cause terrestrial objects 
to cast shadows. 

8. C m =2 : typical thick altostratus or nimbostratus . — Thick 
altostratus clouds are thick enough, at worst, so that 
the sun or moon is completely hidden by the thicker 
parts of the cloud sheet. The undersurfaces of both 
the nimbostratus and the thick altostratus must be flat. 
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with no real relief. Should there be some wavy struc- 
ture, the clouds would be classified as C m =7. Thick 
altostratus and nimbostratus clouds are often accom- 
panied by low, broken-up clouds of bad weather. Thus 
the occurrence together of Ci=6 and C m =2 is to be 
expected often. 

4. C m =3: altocumulus or high stratocumulus . — These clouds 
are usually in a single layer, and do not show a tendency 
to increase in amount. The layer is fairly regular and 
of uniform thickness. The cloudlets are fairly small 
and light, being separated by clear spaces or lighter 
gaps. This layer of cloud is sometimes broken up, but 
it is coded as C m =3 only if the clouds do not proceed 
from extensions of the tops of cumulus clouds. When 
altocumulus clouds do extend from the tops of cumulus 
clouds, they are properly classified as C m =6. Clouds 
represented by C m =3 do not exhibit a tendency to 
increase. Clouds which appear like C m =3, but show a 
tendency to increase, are properly classified as C m =5. 
Stratocumulus clouds included in the designation 
C m =3 must be high and fairly small; otherwise they 
would properly be classified as C^G. 
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5. C m =4> altocumulus clouds in small , isolated patches , individ- 

ual clouds often showing signs of evaporation and being 
more or less lenticular in shape. — Clouds classified as 
C m =4 are generally scattered quite irregularly over the 
sky, often at different levels, and are constantly chang- 
ing their appearance. Individually they are often in a 
process of dissolution, but the amount of cloudiness 
over the sky in general does not become greater or less. 
The smallness and the whiteness of the cloudlets make 
them appear much like cirrocumulus, but they lack the 
distinguishing halo phenomena and connections with 
other cirriform clouds. Irisations are usual with clouds 
indicated by C m =4. To distinguish between these 
clouds and other middle clouds, it may be noted that 
C m =4 represents clouds that do not have the regular 
structure of C m =5; they are higher and more delicate 
than clouds classified as C m =6. 

6. C m =5: altocumulus arranged in more or less parallel bands or 

an ordered layer advancing over the sky. — These clouds 
are generally increasing in amount. They have a regu- 
lar structure and pattern. Although they may be 
* evaporating at the edges of the sheets and may have a 
roughly lenticular shape, they can be recognized by 
their increase in amount and thickness. This in- 
crease differentiates them from clouds C m =3; and 
their greater amount, their increase, and their regular- 
ity distinguish them from C m — 4. 

7. C m — 6: altocumulus formed by a spreading out of the tops of 

cumulus. — These sheets, shortly after their formation, 
are fairly thick and opaque. The clouds are large and 
fairly dark, with somewhat indistinct edges. Later 
these clouds become thinner and smaller, developing 
rifts between the elements, or at least semitransparent 
interstices. In classifying these clouds care must be 
taken not to confuse them with the fibrous, silky, 
whitish cirrus clouds that are formed at the tops of 
cumulonimbus clouds. They must, on the other hand, 
be distinguished from stratocumulus, Ci=4. The 
distinction in this case, of course, is the difference in 
size between the elements of altocumulus and strato- 
cumulus. 
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8. C m — 7: altocumulus associated with altostratus , or altostratu s 

with a partially altocumulus character . — Several cloud 
conditions can be classified as C m =7: 

(a) Typical altostratus cloud under which are alto- 

cumulus cloud sheets, definitely at a lower level. 

(b) A more or less continuous layer of altocumulus 

clouds which has slightly beneath it a gray 
veil of cloud often hardly visible. This lower 
veil, for short times, hides the cloudlets suffi- 
ciently to produce the appearance of altostra- 
tus. 

(c) Altocumulus growing thicker so that the individ- 

ual cloudlets fuse together, and the sheet ac- 
quires the appearance of an altostratus sheet. 
C m =7 also may indicate stratocumulus merg- 
ing to form nimbostratus. 

(d) Altostratus when dissipating and breaking up, 

taking on the appearance of altocumulus 
clouds. 

(e) Opaque cloud sheets with more or less irregular, 

corrugated structure, too dense and too thick 
for the transparency of the ripples to afford 
any criterion for their classification. 

9. C m =8: altocumulus castellatus , or scattered cumuliform tufts . — 

The altocumulus castellatus appear as a series of small 
cumulifonn masses with vertical development arranged 
in a line and resting on a common horizontal base. 
Cumulifonn tufts appear white or gray, scattered in the 
skv, without definite shadow and without bases. The 
upper rounded parts are slightly domed. 

10. C, n 9: altocumulus in several sheets at different levels , 

gene rally associated with thick, fibrous veils of cloud and 
a chaotic appearance of the sky. — The sky characterized 
as C m =9 is complex, several different layers of alto- 
cumulus clouds being present. The cloud elements are 
poorly defined, having soft outlines. Bits of blue sky 
may be seen occasionally, due to the fact that no one 
layer of clouds covers the entire sky. The sky as a 
whole looks heavy, disordered, and stagnant. 

(c) Staff of the sky with respect to high clouds. — 1. C h =0 : no 
high clouds visible. — No high clouds may be visible, due 
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Figure 118— State of the sky for middle clouds. 
(Altocumulus in the typical chaotic, thundery type of sky is coded M#.) 



either to their absence or to their being hidden bv lower 
clouds. In either case the high sky is classified as 
C h =0. 

2 . Ch=l: delicate cirrus , not increasing , scattered and isolated 
masses. — These cirrus clouds are widely scattered in the 
sky. They do not collect into sheets or bands; they 
do not fuse together into masses of cirrostratus. Cirrus 
clouds whose strands end in an upturned hook must not 
be classified as C h =l. They are C h =4. C h =l is 
distinguished from C h =2 by the sparseness of the clouds 
in C h =l. Cirrus clouds classified as C h =l are more 
delicate than those of C h =3 and, moreover, they do 
not originate from the tops of cumulonimbus. They 
do not increase in time and direction as do cirrus of 
C h =4, C h =5, and C h =6. They do not form into sheets 
and bands as do cimis of C h — 5 and C h =6. 

S. C h ~2: delicate cirrus , not increasing; abundant , but not form- 
ing a continuous layer.— C h m 2 differs from C h =l only 
in that cirrus of C h = 2 is more abundant than cirrus of 

171 

Digitized by Google 




TM 1-235 

28 



ARMY AIR FORCES 



C h — 1. There is no tendency to increase in amount 
either in time or direction. 

C h =3: cirrus of anvil clouds , usually dense. — Cirrus of 
C h = 3 may be either still attached to the anvil of a 
cumulonimbus, or detached from the cumulonimbus 
which produced it, but still indicating its origin by its 
anvil shape or by its density and frayed-out appearance. 
It generally shows virga in places. 

5. C h = 4: cirrus , increasing generally in the form oj hooks ending 

in a point or a small tuft. — This type of cirrus increases 
both in amount and in a certain direction. In the 
direction in which the amount of these clouds increases, 
they tend to fuse together, but do not tend to become 
cirrostratus. These clouds differ from those of C h =5 
or C h =6 in that the latter two types tend to fuse together 
into cirrostratus. 

6. C h ~6: cirrus ( often in polar bands) or cirrostratus , advancing 

over the sky , but not more than 45° above the horizon . — 
This is typically a sheet of fibrous cirrus partly uniting 
into cirrostratus, especially toward the horizon in the 
direction where the cirrus strands tend to fuse together. 
The cirrus is often in a herringbone formation, or is in 
great bands converging more or less to a point on the 
horizon. In this class is included also a sheet of cirro- 
stratus without any cirrus. In either case the front of 
the cirrostratus sheet is not more than 45° above the 
horizon. 

7. C h 6: cirrus ( often in polar bands) or cirrostratus advancing 

over the sky , and more than J+5° above the horizon. — These 
clouds are the same as those of C h =5, except that here 
the forward edge of the cirrostratus is more than 45° 
above the horizon. 

8. C h — 7: veil of cirrostratus covering the whole sky . — Cirrostratus 

of C h =7 appears in either of two cases. They are: 

(a) A thin, very uniform, nebulous veil some times 

hardly visible, sometimes relatively dense, 
always without definite detail, but always pro- 
ducing halo phenomena (halo, sun pillar) 
around the sun or moon. 

(b) A white fibrous sheet with more or less clearly 

defined fibers, often like a sheet of fibrous 
cirrus. 
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9. C h =8: cirrostratus not increasing and not covering the whole 

sky. — This is a ease of a veil or sheet of cirrostratus 
• reaching the horizon in one direction, but leaving a 
segment of blue sky in the other direction. This seg- 
ment of blue sky does not grow smaller. Generally the 
edge of this sheet is clear-cut, aud does not tail off into 
scattered cirrus. If the segment of blue sky is decreasing 
in size, the clouds would better be represented by C h = 5 
or Cji—6. 

10. C h =9: cirrocumulus 'predominating , associated with a small 

quantity oj cirrus. — The cirrocumulus must predominate 
for C h =9 to be the correct classification. A cirrocumulus 
appearance on the edge of a cirrostratus layer is insuf- 
ficient to identify the sky as C h — 9. 
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Figure 119.— State of the sky for upper clouds. 
(If cirrocumulus predominates, use code 11©.) 



29. Visibility. — a. Definition. — The visibility in any one direction 
is the greatest distance in that direction at which prominent objects 
such as mountains, buildings, and trees can be seen and identified by 
the normal eye, unaided by special optical devices such as binoculars, 
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telescopes, and glare-eliminating goggles. Eyeglasses that correct 
deficient eyes to normal may be used. Visibility , when used without 
reservation, refers to the average of the visibilities in all directions 
toward the horizon, provided that this average visibility prevails 
toward at least half of the horizon. If the average visibility is greater 
than the greatest visibility toward half of the horizon, the greatest 
value prevailing over half the horizon is the value used. 

b. Recording visibility . — The visibility, being a distance, is recorded 
in miles and fractions of a mile. The following values may be recorded: 
0, }&, y b , V\, % %, 1, 1%, 1 > 2 , 1/4, 2, 2%, 2)*, 3, 4, 5, etc., for whole numbers 
of miles. When the value of the visibility is actually between two of 
the recordable values, it is recorded at the value to which it is closest ; 
when the actual visibility is halfway between two of these values, the 
lower value is recorded. One exception applies to the rule given above: 
whenever the actual visibility is less than 10 miles and more than 
9 miles, it is recorded as 9. Whenever the visibility as defined above is 
fluctuating about some value less than 2V 4 miles, by } 4 of a mile or less 
on either side, this fact is indicated by the entry of a “V” immediately 
following the visibility value. This “ V” represents a variable visibility. 
When the variation is greater than one-fourth mile in either direction, 
or the visibility is greater than 2 miles, the variation in visibility can 
be entered only as a remark, and must be so entered on Weather 
Service forms. When the visibility in any one direction is half or less, 
or double or more the average visibility, this must be noted under 
remarks thus: “Visibility N E 1.” 

c. Observation oj visibility . — Visibility is observed by noting the 
distances of the farthest visible objects. A table or chart giving the 
direction and distance of each prominent landmark used in observing 
visibility should be at hand at each weather station. 

(1) Observation oj visibility by daylight . — During daylight hours the 
best visibility landmarks are dark colored objects visible against the 
sky near the horizon. Where there is a scarcity of landmarks, the 
visibility is estimated on the basis of the clarity of the farthest land- 
mark visible. 

(2) Observation oj visibility during the night . — At night the visibility 
is observed by noting the distances of the farthest visible moderate 
lights. ^ Airway beacons are hereby excluded from night-visibility 
markers. This does not exclude the course (red and green) lights 
from among visibility markers. The outlines of mountains are ap- 
propriate visibility markers. Where there is a scarcity of night 
markers, the clarity of the most distant visible lights is considered in 
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estimating the visibility. The brightness of stars near the horizon 
may also be used as a guide in estimating visibilities. 

(3) Observation of visibility in all directions. — Visibility must be 
observed in all directions in order that the observation may be repre- 
sentative. If no one observation point affords a view in all directions, 
the observer must take the observation of visibility from several 
points so as to get the visibility in as many directions as possible. 

d . Obstructions. — Whenever the visibility is 6 miles or less, this fact 
indicates that there is present some meteorological phenomenon 
which is reducing the visibility. Therefore, whenever the visibility is 
6 miles or less, some weather phenomenon or obstruction to visibility 
must be recorded, indicating the cause of the visibility reduction. On 
the other hand, whenever the visibility is greater than 6 miles, this 
indicates that no obstruction to visibility is significant enough to be 
recorded. 

30. Minimum temperature. — a. Definition. — The minimum 
temperature is the lowest temperature that occurs during a specified 
period. A properly exposed minimum thermometer ML-5 is used in 
observing the minimum temperature. The reading of the minimum 
thermometer, under proper conditions and after any necessary cor- 
rections have been made, is the lowest temperature that occurred 
between the time the instrument was last set and the time of the 
. observation. 

b. Observation of minimum temperature. — (1) The minimum ther- 
mometer is observed during the regularly scheduled observation at or 
nearest 8:00 a. m., local standard time. The observation is made 
while the instrument is in its rest position. The end of the index 
farthest from the bulb indicates the minimum-temperature reading. 
This reading is taken to the nearest tenth by estimating the number 
of tenths of a degree that the index extends beyond the next lower 
whole degree mark, and adding this number of tenths to the value of 
the next lower whole degree value. 

(2) Some minimum thermometers are accompanied by correction 
cards. These cards indicate a correction to be applied to the ther- 
mometer reading at every 10°. The value of the correction for the 
observed temperature reading is determined by single interpolations 
to the nearest tenth of a degree, and this value is added algebraically 
to the observed reading. However, the correction is not applied if 
the temperature reading is greater than 42° and the correction is less 
than 0.3° plus or minus. 

(3) After a regularly scheduled observation of minimum tempera- 
ture is taken for record, the minimum thermometer is reset. To 
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reset a minimum thermometer it is turned to a vertical position with 
the bulb up, and held that way until the index reaches the end of the 
column of alcohol. The instrument is then returned to the horizontal 
operation position. 




c. Precautions to be taken in observing minimum temperatures . — Care 
must be taken that the minimum thermometer is properly exposed 
and that the readings are unaffected by the presence of the observer. 
The instrument must be free from jarring, which may cause the index 
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to be displaced from its proper position. The accuracy of the observa- 
tion should be checked further to insure that the minimum temperature 
is as low as, or lower than, any current air- temperature observation 
taken during the period to which the minimum temperature applies. 
The minimum temperature must be checked against the minimum 
reading of the thermograph. In reading the minimum thermometer 
care must be taken that the line of sight of the observer to the end of 
the index is perpendicular to the minimum thermometer. 

31. Maximum temperature. — a. Definition . — The maximum 
temperature is the highest temperature that occurs during a specified 
period. A properly exposed maximum thermometer ML-4 is used 
in observing the maximum temperature. The reading of the maxi- 
mum thermometer, under proper conditions and after any necessary 
corrections have been applied, is the highest temperature that occurred 
between the time that the instrument was last set and the time of the 
observation. 

b. Observation of maximum temperature. — (1) The maximum tem- 
perature is observed during the regularly scheduled observation at or 
nearest 8:00 a. m., local standard time. In taking the maximum 
temperature observation the observer gently releases the maximum- 
thermometer locking pawl of the Townsend support, and permits the 
maximum thermometer slowly to attain a vertical position with the 
bulb lowest. This is the reading position. The maximum thermom- 
eter reading is taken from the top of the mercury column. This 
reading is taken to the nearest tenth of a degree by estimating the 
number of tenths of a degree that the mercury column extends beyond 
the next lower degree mark, and adding this number of tenths algebra- 
ically to the value of the next lower degree mark. 

(2) When maximum thermometers are accompanied by correction 
cards, corrections are applied to them in the same manner as to mini- 
mum thermometers. The appropriate correction, obtained by inter- 
polation, is added algebraically to the observed reading. Corrections 
are not applied when the maximum temperature is greater than 42° 
and the correction is less than plus or minus 0.3°. 

(3) After the regularly scheduled observation of maximum tempera- 
ture is taken, the maximum thermometer is reset. To reset the maxi- 
mum thermometer, the observer spins it on the long projection stud 
of the Townsend support until the reading is the same as, or within 
two degrees of, the current temperature. The instrument is then 
locked in the horizontal position. 

c. Precautions to be taken in observing maximum temperatures . — 
Care must be taken that the maximum thermometer is properly ex- 
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Figure 1*21.— Maximum temperature readings. 

posed and that the readings are unaffected by the presence of the 
observer. The instrument must be insured against jarring and rapid 
motion prior to its being read. The maximum temperature must be 
as high as, or higher than, any temperature observed since it was last 

178 



Digitized by Google 







THE WEATHER OBSERVER 



TM 1-235 
31-32 



set. The maximum temperature must be checked against the maxi- 
mum indicated by the thermograph. In reading the thermometer, 
care should be taken by the observer that his line of sight to the top 
of the mercury column is perpendicular to the thermometer. 

32. Temperature. — a. Definition . — When temperature is referred 
to without reservation, it indicates current air temperature. Temper- 
ature is observed with a simple dry-bulb thermometer, which is part 
of psychrometer ML-24. 

6. Observation of temperature . — When no precipitation is falling, the 
temperature is observed simultaneously with the wet-bulb temperature. 




(T)36.3° ©11.6° ©0.1° 

Figure 122.— Temperature readings. 



When precipitation is falling, the temperature is observed before the 
psychrometer is removed from the instrument shelter, in order that 
the thermometer may be dry when read. The thermometer is held 
in a vertical position while being read. The temperature is read to 
the nearest tenth of a degree in the same manner as is the maximum 
or minimum temperature. When correction cards accompany ther- 
mometers, the value of the correction is interpolated from the observed 
temperature reading, and this correction is added algebraically to the 

179 



Digitized by v^ooQle 




TM 1-235 

33-36 



ARMY AIR FORCES 



observed temperature reading. The correction is not applied in case 
of a temperature greater than 42° and a correction less than 0.3°. 

c. Precautions to be taken in observing temperature . — Care must be 
taken that the reading is not affected by contact of the observer with 
the thermometer, by the observer’s breathing on the instrument, or 
by direct rays of the sun falling on the thermometer while it is being 
read. The instrument must be prevented from being wet. 

33. Wet-bulb temperature. — a . Definition. — Wet-bulb tempera- 
ture is the lowest temperature to which a thermometer can be reduced 
by evaporating water from it. Wet-bulb temperature is observed by 
means of the wet-bulb thermometer which, together with the dry-bulb 
thermometer, comprises psychrometer ML-24. 

b. Observation oj wet-bulb temperature . — When the temperature is 
greater than 25°, the bulb of the wet-bulb thermometer is wetted by 
dipping into clean water. It is then whirled until successive readings 
of the wet-bulb thermometer equal the lowest of several readings, 
indicating that these readings are the wet-bulb temperature. For 
reading, the wet-bulb thermometer must be held vertically, and the 
observer’s line of sight to the top of the mercury column must be per- 
pendicular to the thermometer. The reading is taken to the nearest 
tenth of a degree, and corrections, when appropriate, are applied in 
the same manner as for the dry-bulb thermometer. When the tem- 
perature is less than 25°, the wet bulb should be wetted between 5 and 
15 minutes before the time of observation, to insure that the time 
taken to obtain a good wet-bulb reading does not cause the observa- 
tion to be accomplished late. 

c. Precautions to be taken in observing wet-bulb temperatures . — Care 
must be taken that the wet-bulb thermometer reading is not affected 
by contact of the thermometer with the observer, by the observer's 
breathing on the instrument, or by direct rays of the sun falling on 
the instrument while it is being read. The bulb must still be wet 
when the reading is taken. 

34. Thermograph reading. — The thermograph reading for any 
given time is the value of the thermogram at that time. The thermo- 
graph reading is obtained to the nearest tenth of a degree by estimating 
the number of tenths of a degree that the thermogram is above the 
next lower whole degree line, and adding that number of tenths to 
the value of the whole degree line. The observer notes when observ- 
ing the thermogram aDy discrepancy between the maximum- and 
minimum-temperature values and the maximum and 'minimum tem- 
peratures as indicated by the thermogram. The observer notes as 
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the thermograph reading the value indicated by the present position 
of the thermograph pen. If no direct observation of temperature 
has been taken 12 hours previous to the current observation, the tem- 
perature 12 hours previous to the current observation is noted from 
the corrected thermograph reading. This temperature is to be used 
in reducing the pressure to sea level. 

35. Hygrograph reading. — The hygrograph furnishes a continuous 
record of relative humidity. The liydrograph is read to the nearest 
whole percent. 

36. Amount of precipitation. — a . Definition . — The amount of 
precipitation for a given period is the depth of accumulation of water 
(snow or ice first being melted to water), if all the precipitation that 
fell during that period were to accumulate over a level surface. In 
the Weather Service, amount of precipitation is measured by means 
of the tipping-bucket rain gage ML-30, or the standard 8-inch rain 
gage ML-17. The depth cf precipitation is expressed in inches and 
hundredths of an inch. 

b. Measurement oj precipitation. — (1) When precipitation is in the 
form of rain, the observer, if measuring the precipitation by means of 
the tipping-bucket rain gage, drains the precipitation from the gage 
through the stopcock at the bottom of the gage into the measuring 
tube. He then measures the depth of water by inserting the measur- 
ing stick vertically into the tube. If measurement of the amount of 
rain is by means of the standard 8-inch rain gage, the measuring stick 
is inserted into the inner tube of the gage and the amount noted. 

(2) When precipitation is in the form of hail or snow, the tipping- 
bucket rain gage cannot be used, and the standard 8-inch rain gage is 
used with the funnel top and inner tube removed. The precipitation 
accumulates in the overflow attachment, or case. This precipitation 
is melted when necessary by addition of a measured amount of water, 
and then the water in the overflow attachment (melted precipitation 
and added water) is poured into the inner tube. Here the depth is 
measured, the amount of added water subtracted from this measure- 
ment, and the remainder, the measured amount of precipitation, is 
noted in inches and hundredths of an inch. After the measurement 
has been made, the water is disposed of, and the rain gage is set ready 
for further operat ion. 

37. Depth of snow. — The depth of snow is the depth, in inches 
and tenths of an inch, of snow on the ground. The depth is measured 
with the measuring stick. An ordinary ruler or yardstick may also 
be employed. The best ground over which to measure the depth of 



181 



Digitized by AjOOQle 




TM 1-235 

38 



ARMY AIR FORCES 



snow is level ground, where the snow is least affected by human ac- 
tivity and not sheltered by natural means such as trees or bushes. 
It is advisable to take several readings of snow depth and to use the 
average of what are judged to be the most representative values. 

38. Weather and obstructions to visibility. — a. Definition . — 
Weather includes local, violent meteorological disturbances and 
precipitation. Obstructions to visibility are meteorological phenom- 
ena other than precipitation which significantly reduce the visibility. 

b. Observation oj weather phenomena. — (1) Tornado. — The tornado 
is a most violent storm of very small radius. It is accompanied by a 
dark, funnel-shaped cloud which extends down from a cumulonimbus 
cloud to the ground or near to it. Tornadoes cause much destruction 
along their paths. When a tornado is observed, it is recorded and 
reported as “TORNADO.” Its direction from the observer is noted 
immediately thereafter. Thus, if a tornado appears southwest of 
the station, it is reported as TORNADO SW. Report of a tornado 
takes precedence over reports of all other weather phenomena. 
“Tornado” is never abbreviated. 

(2) Thunderstorm . — (a) A thunderstorm is a storm attended by 
thunder and lightning. A thunderstorm is considered to be in prog- 
ress at the station if thunder is heard or if thunder has been heard 
during the preceding 15 minutes. There are two intensities of 
thunderstorms observed and reported: the “heavy thunderstorm”, 
“T + ,” and the “thunderstorm”, “T.” The distinction between the 
two intensities of thunderstorms depends upon the observer. The 
descriptions below should be followed as closely as possible in making 
the distinction: 

1. Thunderstorm . — Occasional or fairly frequent flashes of 

lightning occur within the cloud, from cloud to cloud, 
or from cloud to ground; weak to loud peals of thunder 
occur; rainfall, if any, is light or moderate and sometimes 
heavy; hail, if any, is light or moderate; wind occurring 
with the passage of the storm overhead does not exceed 
a velocity of 40 miles per hour; the temperature drop 
with passage of the storm is not very large. 

2. Heavy thunderstorm. — Nearly incessant, sharp lightning 

occurs; loud peals of almost continuous thunder occur; 
heavy rain occurs; hail may be of any intensity; wind 
occurring in connection with passage of the storm over- 
head exceeds a velocity of 40 miles per hour; a rapid 
drop in temperature, as much as 20° F. in 5 minutes, 
occurs with the passage of the storm. 
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( b ) A thunderstorm is indicated on records and reports as “T”, 
and a heavy thunderstorm as “T+.” These symbols do not neces- 
sarily indicate any precipitation. If precipitation is occurring, it 
must be recorded and reported independently. Further information 
might be any of the following: Direction of the thunderstorm from the 
station, direction of motion of the thunderstorm, intensity and fre- 
quency of lightning or thunder, appearance of clouds. Report of a 
thunderstorm for weather takes precedence over all other weather 
phenomena except tornadoes. The occurrence of lightning without 
thunder does not constitute a thunderstorm. The lightning may be 
reported under “Remarks.” 

(3) Rain . — (a) Rain is the falling from clouds of drops of water 
(in the liquid state) of which most are larger, or if not larger then 
much sparser, than the drops in drizzle; the diameter of most of the 
drops is greater than one-fiftieth inch; the drops fall in free air faster 
than 10 feet per second. There are three intensities of rain reported. 
They are light rain (R— ), moderate rain (R), and heavy rain (R+). 
The distinction between light and moderate rain is given below: 

1. Light rain . — The rate of fall is between a trace and 0.10 

inch, inclusive, in an hour, or a maximum of 0.01 inch 
in 6 minutes. 

2. Moderate rain . — The rate of fall is between 0.11 inch and 

0.30 inch, inclusive, in an hour, or from more than 0.01 
inch to 0.03 inch in 6 minutes. 

(6) The criteria for intensity of rain given above are the basic 
criteria. However, sometimes a measurement of the rate of accumula- 
tion of precipitation is impracticable, and the intensity of rain must 
be determined visually. The criteria given below may be used as a 
guide in determining the intensity of rain : 

1. Light rain . — Individual drops are easily identifiable; no 

i spray, or at most, very little spray is observable over 

r pavements, roofs, etc.; puddles accumulate very slowly; 

appreciable time, sometimes over 2 minutes is required 
for the rain to wet pavements, roofs, or other dry sur- 
faces; sound on roofs ranges from slow pattering to 
gentle swishing; trickles or steady small streams appear 
from gutters and downspouts. 

2. Moderate rain . — Individual drops are not clearly identifiable; 

spray is observable just above pavements, roofs, and 
other hard surfaces; puddles form fairly rapidly; down- 
spouts on buildings run one-fifth to one-half full; sound 
on roofs ranges from swishing to gentle roar. 
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8. Heavy rain — Rain seemingly falls in sheets; individual drops 
are not identifiable; heavy spray to a height of several 
inches is observed on roofs and pavements; downspouts 
on buildings run half-full to full or overflowing; puddles 
form rapidly; visibility is impaired; sound on roofs re- 
sembles the roll of drums or a distinct roar. 

(4) Rain showers. — Rain showers are the falling of raindrops from 
clouds in sudden bursts, with rapid changes in intensity. The clouds 
are irregular in shape and thickness, with breaks often occurring be- 
tween clouds. Rain showers are reported in any of three intensities: 
light rain showers (RW-), moderate rain showers (RW), and heavy 
rain showers (RW+). The intensity of a rain shower is determined 
in the same way as is the intensity of rain, the assumption being made 
that the shower will continue just as continuous rain would. 

(5) Freezing rain . — Freezing rain is rain which instantly freezes to 
objects in the open that it strikes, thus forming a glaze. At the sur- 
face, run-off may occur as in the case of rain, if the rate of fall is rapid. 
Freezing rain is reported in one of three intensities. These intensities, 
light freezing rain (ZR — ), moderate freezing rain (ZR), and heavy 
freezing rain (ZR + ), are determined by the same criteria as are the 
intensities of rain, 

(6) Drizzle . — ( a ) Drizzle is the falling from clouds of minute 
(diameter less than one-fiftieth inch), very numerous drops which 
seem to float in the air, and are seen to move with even a slight motion 
of the air. Drizzle is reported in one of three intensities: Light 
drizzle (L— ), moderate drizzle (L), and heavy drizzle (L+). The 
criteria for determining the intensity of drizzle are given below: 

1. Light drizzle. — The drizzle itself reduces the visibility so 

that the reported visibility is l}{ miles or more. 

2 . Moderate drizzle. — The drizzle itself reduces the visibility 

so that the reported visibility is greater than % mile and 
less than 1% mile, i. e., % mile or 1 mile. 

8. Heavy drizzle. — The drizzle itself reduces the visibility so 
that the reported visibility is less than % mile, but more 
than 6 mile, i. e., % mile. 

(6) If the visibility is reduced by an obstruction to visibility in 
addition to the drizzle, the intensity of that obstruction to visibility is 
determined as if it wore the 4 only cause for the reduction of visibility, 
and the intensity of the drizzle is estimated on the basis of its rate of 
accumulation. Whenever the visibility is reduced so as to be reported 
as loss than ')U mile, i. e., as % % mile or zero, the reduction of 
visibility must be ascribed to some cause other than drizzle. 
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(7) Freezing drizzle. — Freezing drizzle is drizzle whose drops freeze 
instantly upon striking objects in the open, thereby forming a glaze 
over those objects. Freezing drizzle is reported in one of three inten- 
sities. These intensities are light freezing drizzle (ZL— ), moderate 
freezing drizzle (ZL), and heavy freezing drizzle (ZL+). These inten- 
sities are determined by the same criteria as are the intensities of 
drizzle. 

(8) Snow . — (a) Snow is the falling from clouds of ice crystals or 
groups of ice crystals, mainly in branched, hexagonal shapes. Snow 
may be reported in any one of three intensities: light snow (S— ), 
moderate snow (S), and heavy snow (S+). The criteria for deter- 
mining the intensity of snow are given below: 

1. Light snow. — The snow itself reduces the visibility so that 

the visibility reported is greater than % mile. 

2. Moderate snow. — The snow itself reduces the visibility so 

that it is reported at less than % mile, but more than 
mile, i. e., % mile. 

S. Heavy stww. — The snow itself reduces the visibility so that 
it is reported as less than % 6 mile, i. e., as }i, %, % mile 
or zero. 

{b) If an obstruction to visibility is reducing it at the same time as 
is the snow, the intensity of that obstruction must be determined as 
if it alone were reducing the visibility. The intensity of the snow 
must be determined on the basis of its rate of accumulation, when it 
is occurring at the same time as an obstruction to visibility. 

(9) Snow showers. — Snow showers are the falling of snowflakes from 
clouds in sudden bursts, with rapid changes in intensity. The clouds 
are irregular in shape and thickness, breaks often occurring between 
clouds. There are three reported intensities of snow showers: light 
snow showers (SW— ), moderate snow showers (SW), and heavy snow 
showers (SW+). These intensities are determined by the same 
criteria as are the similar intensities of snow. 

(10) Snow pellets. — Snow pellets are the falling from clouds of 
white, opaque, round (sometimes conical) grains of snowlike structure 
one-sixteenth to one-fourth inch in diameter. These grains are crisp 
and easily compressible ; they rebound when they strike hard surfaces, 
often bursting. Snow pellets occur almost exclusively in showers. 
Snow pellets may be reported in any of three intensities: light snow 
Pellets (SP— ), moderate snow pellets (SP), and heavy snow pellets 
(SP-f). These intensities are determined by the same criteria as 
determine the intensity of snow. 
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(11) Sleet ( ice pellets). — (a) Sleet is the falling from clouds of preci- 
pitation which, when it reaches the ground, is composed of trans- 
parent, globular, hard grains of ice, ranging from one twenty-fifth to 
four twenty-fifths inch in size. These grains of ice rebound when they 
strike a hard surface. Sleet particles are formed by the freezing of 
raindrops as they fall through the air, before they strike the ground. 

(i b ) Sleet is reported in any of three intensities: light sleet (E— ), 
moderate sleet (E), and heavy sleet (E+). The various intensities 
are distinguished by their rates of fall and accumulation as given below: 

1. Light sleet. — A few pellets fall. 

2. Moderate sleet. — Pellets fall at a moderate rate; there is 

some accumulation on the ground . 

S. Heavy sleet. — Pellets fall at a heavy rate; there is a rapid 
accumulation on the ground. 

(12) Hail. — (a) Hail is the falling from clouds of ice balls or stones, 
or fused groups of ice balls, usually ranging from % inch to 2 inches in 
diameter, and sometimes larger. The hailstones are sometimes quite 
transparent and sometimes have the structure of clear ice shells alter- 
nating with shells of an opaque, snowlike composition. Hail occurs 
in violent or prolonged thunderstorms, and usually when the tempera- 
ture at the ground is more than 32° F. 

( b ) Hail is reported in any of three intensities: light hail (A—), 
moderate hail (A), and heavy hail (A + ). The intensities are dis- 
tinguished on the following criteria: 

1. Light hail. — Only a few balls or stones fall. 

2. Moderate hail . — Hailstones fall at a moderate rate; there is 

some accumulation on the ground. 

S. Heavy hail . — Hailstones fall in great numbers; the accumu- 
lation on the ground is rapid. 

(13) Small hail . — (a) Small hail is the falling from clouds of semi- 
transparent round or conical grains of frozen water, each generally 
consisting of a soft grain of hail as a nucleus, covered by a very thin 
ice layer which gives it a glazed appearance. The particles of small 
hail are not easily compressible nor crisp and thus do not burst nor 
rebound when they strike a hard surface. Due to their usual occur- 
rence at temperatures above freezing, the particles are frequently 
wet. 

(b) Small hail is reported in any of three intensities: light small 
hail (AP—), moderate small hail (AP), and heavy small hail (AP+). 
These intensities are distinguished on tlie basis of the criteria below: 

1. Light small had.-- Only a few grains of small hail fall. 
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2. Moderate small hail. — Grains of small hail fall at a moderate 
rate; there is some accumulation on the ground. 

8. Heavy small hail . — Grains of small hail fall in great num- 
bers; the accumulation on the ground is rapid. 

(14) Rain squall . — (a) A rain squall is a sudden storm of brief 
duration, during which rain showers occur, accompanied by an in- 
crease in the wind. Rain squalls are reported in any of three intensi- 
ties: light rain squalls (RQ— ), moderate rain squalls (RQ), and severe 
rain squalls (RQ-f ). These intensities are distinguished on the basis 
of the most intense gust of wind that occurs during the squall, thus: 

1 . Light rain squalls. — Gusts do not exceed a velocity of 24 

miles per hour. 

2. Moderate rain squalls. — Gusts at the maximum velocity are 

between 25 miles per hour and 39 miles per hour, in- 
clusive. 

8. Severe rain squalls. — Gusts at their maximum exceed a veloc- 
ity of 39 miles per hour. 

(b) Rain squalls are reported at a station if they are occurring at 
the time of observation, of if precipitation is still falling and the gusts 
occurred within the preceding 15 minutes, or if no precipitation is 
falling at the time of observation but intermittent precipitation fell 
just previous to the observation and a rain squall occurred within 
the preceding 15 minutes. When precipitation is falling at the time 
of observation and rain squalls are being reported, both the precipi- 
tation and the rain squalls are recorded and reported under “weather.” 
Rain squalls are entered on forms and reported immediately following 
precipitation, if any, and before obstructions to visibility, if any. 

( 15) Snow squall. — A snow squall is a sudden storm of brief dura- 
tion, during which snow showers occur accompanied by an increase 
in the wind. Snow squalls are reported in any of three intensities: 
light snow squalls (SQ— ), moderate snow squalls (SQ), and severe 
snow squalls (SQ+). The distinction between the several intensities 
of snow squalls is the same as the distinction between the several 
intensities of rain squalls. The rules for reporting snow squalls are 
the same as for rain squalls. 

(16) Wind shifts . — Wind shifts are reported immediately following 
the wind, and are described in paragraph 39. 

(17) Haze . — Haze is an obstruction to visibility due to presence in 
the aii* of dust or salt particles so small that they are invisible, but so 
numerous as to reduce the visibility to 6 miles or less. In the presence 
of haze the sky acquires a hazy and opalescent appearance, and the 
landscape acquires an appearance of having a veil over it which sub- 
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dues its colors. Haze appears bluish when viewed with a dark back- 
ground, such as a mountain, and of a dirty yellow or orange color when 
viewed with a bright background, such as the sun or clouds. There 
is but one intensity of haze (H). Haze very rarely reduces the 
visibility below 3 miles. 

(18) Smoke . — (a) Smoke is an obstruction to visibility due to 
presence in the air of foreign matter resulting from combustion. 
Smoke is distinguished from other obstructions to visibility by its 
odor and by the red color the sun appears to have when seen through 
smoke. The color of the sun through smoke is deep red when the 
sun is near the horizon, and a light reddish tinge when the sun is 
above the horizon. Smoke from forest fires appears fight grayish or 
bluish in color when viewed from a distance. Smoke in a city may 
appear black, gray, or brown. 

(i b ) Smoke is reported in any of three intensities: fight smoke 
(K— ), moderate smoke (K), and thick smoke (K+). The intensity 
of smoke is determined by the following criteria: 

1. Light smoke. — Smoke itself reduces the visibility to such an 

extent that the visibility is reported as 1 X miles or more. 

2. Moderate smoke. — Smoke itself reduces the visibility to such 

an extent that the visibility is reported as less than IX 
miles, but more than % mile, i. e., 1 or % mile. 

8. Thick smoke. — Smoke itself reduces the visibility to such an 
extent that the visibility is reported as less than % mile, 
i. e., as K, %, K, %y or 0 mile. 

(19) Dust. — (a) Dust is an obstruction to visibility due to pres- 
ence in the air of foreign matter, fairly uniformly distributed, and 
consisting essentially of finely divided earth. The dust particles are 
not picked up locally. The presence of dust in the air causes distant 
objects to have a tannish or grayish hue. The sun is pale and color- 
less or sometimes has a yellow tinge when viewed through dust. 

( b ) Any of three intensities of dust may be reported: fight dust 
(D— ), moderate dust (D), or thick dust (D+). The intensities of 
dust are distinguished according to the following criteria: 

1 . Light dust. — The dust itself reduces the visibility to such an 

extent that the visibility is reported as IX miles or more. 

2. Moderate dust. — The dust itself reduces the visibility to such 

an extent that the visibility is reported as less than \}{ 
miles but more than % mile, i. e., as 1 or % mile. 

8. Thick dust. — The dust itself reduces the visibility to such an 
extent that the visibility is reported as less than % mile, 
i. o., as X, X, X, X, or 0 mile. 
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(20) Blowing dust . — Blowing dust is the obstruction of visibility by 
dust particles picked up locally by the wind and blown about in clouds 
or sheets. There are three intensities of blowing dust: light blowing 
dust (BD — ), moderate blowing dust (BD), and thick blowing dust 
(BD+). These intensities are determined by the same criteria as 
are light dust, moderate dust, and thick dust, respectively. Thick 
blowing dust constitutes a dust storm. 

(21) Blowing sand. — Blowing sand is the obstruction to visibility 
due to presence of sand particles in the air. The sand is picked up 
by the wind and blown about in clouds or sheets. The criteria for 
distinguishing the three intensities of blowing sand, light blowing 
sand (BN — ), moderate blowing sand (BN), and thick blowing sand 
(BN+), are the same as the criteria for distinguishing light dust, 
moderate dust, and thick dust, respectively. Thick blowing sand 
constitutes a sand storm. 

(22) Blowing snow. — (a) Blowing snow is the obstruction to visi- 
bility due to presence of snow particles in the air, which have been 
picked up by the wind and blown about in clouds and sheets. Blow- 
ing snow reduces the vertical visibility as well as the horizontal 
visibility. It is important that blowing snow be distinguished from 
snow and from drifting snow. 

( b ) Blowing snow is reported in any of three intensities: light 
blowing snow (BS— ), moderate blowing snow (BS), and thick blow- 
ing snow (BS+). The criteria for determining the intensities of 
blowing snow are similar to those for snow intensities. They are: 

1. Light blowing snow. — The blowing snow itself reduces the 

visibility to such an extent that the visibility is reported 
as 1 y 4 miles or more. 

2 . Moderate blowing snow . — The blowing snow itself reduces the 

visibility to such an extent that the visibility is reported 
as more than % mile but less than l}i miles. 

S. Thick blowing snow . — The blowing snow itself reduces the 
visibility to such an extent that the visibility is reported 
as less than % mile. 

(23) Drifting snow. — Drifting snow is the obstruction to visibility 
due to presence in the air of snow particles picked up by the wind and 
carried by the wind fairly close to the ground. Drifting snow does 
not appreciably reduce the vertical visibility. Drifting snow may 
be reported in any of three intensities: light drifting snow (GS— ), 
moderate drifting snow (GS), and thick drifting snow (GS+). The 
distinction of these intensities is based on the horizontal visibilities, 
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and corresponds to the ranges of visibilities reported for light blowing 
snow, moderate blowing snow, and thick blowing snow, respectively. 

(24) Damp haze . — Damp haze is the obstruction to visibility due to 

presence in the air of very small water droplets or very hygroscopic 
particles. This obstruction to visibility very rarely reduces the visi- 
bility as low as 1% miles. Damp haze differs from fog in that the 
droplets of water are fewer and smaller and can occur at relative 
humidities lower than those at which fog occurs. Damp haze differs 
from haze in appearance by its grayish color- Clouds viewed through 
damp haze have a greasy appearance, as though seen through a dirty 
window. Damp haze is^ usually accompanied by higher relative 
humidities than is haze. Damp haze, forming exclusively in oceanic 
regions, may be observed in such regions or in nearby areas to which 
the condition may have been transported by the wind. Damp haze 
has but one intensity, and h represented by F . 

(25) Fog. — (a) Fog is the obstruction to visibility due to presence 
of minute water droplets formed by condensation. Fog is essentially 
the same as cloud except that fog occurs at the ground. 

( b ) Fog is reported in any of four intensities: light fog (F— ), moder- 
ate fog (F), thick fog (F+), and dense fog (FF). The criteria for 
the distinction of the several intensities of fog follow: 

1 . Light jog. — The fog itself reduces the visibility to such an 

extent that the visibility is reported as not less than 
% mile. 

2. Moderate jog. — The fog itself reduces the visibility to such 

an extent that the visibility is reported as less than % 
mile, but not less than % 6 mile, i. e., the visibility is 
reported as mile. 

8. Thick jog. — The fog itself reduces the visibility to such an 
extent that the visibility is reported as less than Ks 
mile, but not less than K mile, i. e., the visibility is 
reported as }i or % mile. 

4 . Dense jog. — The fog itself reduces the visibility to such an 
extent that the visibility is reported as less than % 
mile, i. e., as % mile or 0. 

(26) Ground jog. — Ground fog is the obstruction to visibility due 
to presence of minute water droplets as in fog, except that in ground 
fog the obstruction to visibility exists close to the ground only. 
The vertical visibility is thus unobstructed and sky conditions can 
be observed. Ground fog is reported in any of four intensities: light 
ground fog (GF— ), moderate ground fog (GF), thick ground fog 
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(GF+), and dense ground fog (GFF). These intensities are distin- 
guished on the basis of horizontal visibility, the same ranges of visi- 
bilities applying as for light fog, moderate fog, thick fog, and dense 
fog, respectively. 

(27) Ice fog . — Ice fog is the obstruction to visibility due to presence 
of ice crystals or spicules in the air. These ice particles are formed by 
sublimation of the water vapor in the air and constitute an ice cloud 
at the ground. Ice fog is reported in any of four intensities: light ice 
fog (IF — ), moderate ice fog (IF), thick ice fog (IF+), and dense ice 
fog (IFF). These intensities of ice fog are distinguished according 
to the same criteria as are light fog, moderate fog, thick fog, and 
dense fog. 

c. Occurrence of several weather phenomena and/or obstructions to 
mibility simultaneously. — When several weather phenomena and/or 
obstructions to visibility are observed at one observation, they are 
to be entered under weather and/or obstructions to visibility in the. 
order prescribed by the following rules: 

(1) Weather phenomena are entered on forms and/or reported be- 
fore obstructions to visibility. 

(2) When a tornado occurs, it is entered or reported with precedence 
over all other weather phenomena. 

(3) W 7 hen a thunderstorm is entered or reported, it takes precedence 
over any other weather phenomenon except a tornado. 

(4) A squall is reported after any other weather phenomenon present 
and before any obstructions to visibility. 

(5) When several types of precipitation are falling concurrently, 
that type of precipitation which is estimated as accounting for the 
greatest amount of precipitation at the time of the observation is 
noted first; that type of precipitation that is estimated as accounting 
for the second greatest amount of precipitation at the time of obser- 
vation is noted second, etc. 

(6) W 7 hen several obstructions to visibility are present, they are 
noted in the order of their intensity. That obstruction which is 
estimated as being predominant is assigned such an intensity (light, 
moderate, thick, dense) as would reduce the visibility to the observed 
value even if the other obstructions were not present. The other 
obstruction intensities are obtained by direct estimation. When 
precipitation and obstruction to visibility are reported concurrently, 
the obstruction to visibility is assigned such an intensity as would 
reduce the visibility to the observed value even if the precipitation 
were not present, and the precipitation intensity is determined on the 
basis of the rate of accumulation. 
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cl. Beginnings and ( ridings of weather and obstructions to visibility . — 
Whenever a tornado, a thunderstorm, a squall, any type of precipi- 
tation, or any obstruction to visibility begins, ends, or changes in 
intensity, this beginning or ending or change must be indicated with 
its time of occurrence on the proper forms. However, if the phe- 
nomenon occurs intermittently and the period between one ending 
and the next beginning is less than 20 minutes, the phenomenon may 
be characterized as intermittent, and the intervals (less than 20 
minutes in duration) between its occurrences need not be recorded, if 
no recorded observation is taken during the interval. If an obser- 
vation is recorded between successive occurrences of an intermittent 
phenomenon, the weather and obstructions to visibility actually 
present at that time are recorded, also the latest ending of intermittent 
precipitation and the next beginning, if any. Intermittent phenomena 
may be carried in the remarks, if appropriate. When several forms 
of precipitation are occurring simultaneously, the combination of the 
several forms is considered as the type of precipitation present. 
When one of the phenomena begins, ends, or changes in intensity, the 
combination previously present is ended and the new combination is 
indicated as beginning at that time. Changes in combinations of 
obstructions to visibility are noted in the same manner. 

e . Abbreviations to be used in recording weather phenomena and 
obstructions to visibility . — Tornado is never abbreviated. The follow- 
ing abbreviations shall be used on all forms in the Weather Service: 



T, T + Thunderstorm; heavy thunderstorm. 

R— , R, R+ Light rain; moderate rain; heavy rain. 

RW-, RW, RW+ Light rain showers; moderate rain showers; heavy 

rain showers. 

ZR — , ZR, ZR+ Light freezing rain; moderate freezing rain; heavy 

freezing rain. 

L — , L, L+ Light drizzle; moderate drizzle; heavy drizzle. 

ZL— , ZL, ZL+ Light freezing drizzle; moderate freezing drizzle; 

heavy freezing drizzle. 

S— , S, S-f Light snow; moderate snow; heavy snow. 

SW SW, SW + Light snow showers; moderate snow showers; heavy 

snow showers. 

SP— , SP, SP + Light snow pellets; moderate snow pellets; heavy 

snow pellets. 

E — , E, E-f Light sleet; moderate sleet; heavy sleet. 

A — , A, A-f Light hail; moderate hail; heavy hail. 

AP — , AP, AP+ Light small hail; moderate small hail; heavy small hail. 

RQ — , RQ, RQ + Light rain squall; moderate rain squall; severe rain 

squall. 

SQ — , SQ, SQ + Light snow squall; moderate snow squall; heavy snow 

squall. 



192 



Digitized by CjOOQle 




THE WEATHER OBSERVER 



TM 1-235 
38-39 



H Haze. 

K — , K, K-f Light smoke; moderate smoke; thick smoke. 

D — , D, D + Light dust; moderate dust; thick dust. 

BD — , BD, BD + Light blowing dust; moderate blowing dust; thick 

blowing dust. 

BN — , BN, BN+ Light blowing sand; moderate blowing sand; thick 

blowing sand. 

BS— , BS, BS+__ Light blowing snow; moderate blowing snow; thick 

blowing snow. 

F — — Damp haze. 

F— , F, F-f , FF Light fog; moderate fog; thick fog; dense fog. 

GF— , GF, GF + , GFF — Light ground fog; moderate ground fog; thick ground 

fog; dense ground fog. 

IF—, IF, IF-f, IFF Light ice fog; moderate ice fog; thick ice fog; dense ice 

fog. 

Note. — T he abbrevations given above for sleet (E), snow showers (SW), snow 
(S), are not to be used in remarks. In remarks, “sit” will be used for sleet, 
“snw”will be used for snow, and “snw shwrs” will be used for snow showers. 

39. Wind. — a. Wind direction and velocity . — (1) The direction and 
velocity of the wind are noted in the surface-weather observation. 
The direction is expressed as the nearest of the 16 points of the compass 
to that from which the wind is blowing. The velocity is given in 
miles per hour. 

(2) The data for the wind observation are taken from indicator 
ML-117 or other wind-indicating equipment inside the weather sta- 
tion. However, before the observer completes his outdoor observa- 
tion, he must check to see that the wind vane and the anemometer are 
in proper condition. The wind vane must point into the wind, and 
unless there is a calm, the anemometer cups must be rotating. If the 
wind vane is out of order, the observer observes the wind direction 
from the movement of smoke, dust, etc. If the anemometer is not 
functioning properly, the wind velocity is estimated. The following 
table is given as a guide for the estimation of wind velocities: 



Velocity (miles per 
hour) 


Specifications for estimating velocities 


Less than 1 

1 to 3. 


Smoke rises vertically. 

Direction of wind shown by smoke drift but not by wind 
vanes. 

Wind felt on face; leaves rustle; ordinary vane moved by 
wind. 

Leaves and small twigs in constant motion; wind extends light 
flag. 

Raises 4ust and loose paper; small branches are moved. 


4 to 7 


8 to 12 


13 to 18 
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Velocity (miles per 
hour) 


Specifications for measuring velocities 


19 to 24 


Small trees in leaf begin sway; crested wavelets form on inlaiu 
waters. 

Large branches in motion; whistling heard in telegraph wires 
umbrellas used with difficulty. 

Whole trees in motion; inconvenience felt in walking agains 
the wind. 

Breaks twigs off trees; generally impedes progress. 

Slight structural damage occurs (chimney pots and slab 
removed) . 

Trees uprooted; considerable structural damage occurs. 

Rarely experienced; accompanied bv widespread damage. 


25 to 31 


32 to 38 


39 to 46 _ . 


47 to 54 


55 to 63 


64 to 75 


Above 75. 



(3) When the wind velocity is estimated, this fact is indicated by 
an “E” immediately following the velocity, without space. Thus 
“NNW15E” would indicate a wind from the north-northwest with 
an estimated .velocity of 15 miles per hour. 

(4) If the anemometer cups are not turning and there is no wind 
noticeable, the wind will be recorded as calm, indicated by the entry 
of a “C.” 

(5) If the anemometer cups are rotating and the instruments appear 
to be functioning properly, the direction and velocity of the wind are 
taken from the indicators inside the station. The velocity reported 
should be the average occurring during a minute of the observation. 

b. Gustiness. — (1) A gust is a rapid change of wind velocity wherein 
the velocity changes 10 miles per hour or more, in less than 15 seconds. 
Fresh gusts are gusts wherein the velocity changes 10 miles per hour 
or more, in less than 15 seconds, and wherein the maximum velocity 
reached is less than 25 miles per hour. Strong gusts are gusts wherein 
the velocity changes 10 miles per hour or more, in less than 15 seconds, 
and wherein the maximum velocity is 25 miles per hour or greater. 

(2) Fresh gusts are indicated by a “ — symbol immediately follow- 
ing the wind velocity; strong gusts are indicated by a symbol 
immediately following the wind velocity. Thus “WSW 22 + ” would 
indicate a wind from the west-southwest at a velocity of 22 miles per 
hour with strong gusts (reaching at least 25 miles per hour). “NW 
14E— ” would indicate a northwest wind with an estimated velocity 
of 14 miles per hour, with light gusts (less than 25 miles per hour). 

c. Wind shifts. — (1) A wind shift is a rapid change of wind direction. 
Wind shifts usually are accompanied by gustiness and may be accom- 
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panied by rapid changes of wind velocity, temperature, cloudiness, 
weather and/or obstructions to visibility. 

(2) Wind shifts are classified by intensity as mild, moderate, or 
severe according to the maximum velocities of the gusts occurring at 
i the time of the wind shift. Different limiting values are used depend- 
ing on whether or not the wind shift is accompanied by precipitation 
and/or a lowering of the ceiling. 

(a) If precipitation and / or a lowering of the ceiling occurs at the time 
of the wind shift, the following specifications for determining the 
intensity of the wind shift apply: 

1. Mild. — The maximum velocity of the wind gusts accom- 
panying the shift is less than 25 miles per hour. 

S, Moderate. — The maximum velocity of the wind gusts accom- 
panying the shift is 25 miles per hour or greater, but 
less than 40 miles per hour. 

8. Severe. — The maximum velocity of the wind gust accom- 
panying the shift is. 40 miles per hour or greater. 

(b) If neither precipitation nor lowering of the ceiling accompanies 
the wind shift, the following specifications apply: 

1. Mild . — The maximum velocity of the wind gusts accom- 
panying the shift is less than 35 miles per hour. 

Jg. Moderate . — The maximum velocity of the wind gusts accom- 
panying the shift is 35 miles per hour or greater, but 
less than 50 miles per hour. 

8. Severe. — The maximum velocity of the wind gusts accom- 
panying the shift is 50 miles per hour or greater. 

(3) The intensity of a wind shift is indicated as follows: “ — ” 
symbol indicates a mild wind shift; absence of an intensity symbol 
indicates moderate wind shift; “+” symbol indicates a severe wind 
shift. 

(4) In recording or reporting a shift of wind, the following informa- 
tion must be noted: The wind direction previous to the wind shift; 
the time of the wind shift, and the standard of time used; the intensity 
of the wind shift (a moderate shift being indicated by the absence of 
an intensity symbol). Thus, a windshift occurring in the central 
standard time zone at 2:45 p. m., with the wind shifting from SSE. 
to W., accompanied by lowering of the ceiling and maximum winds 
of 52 miles per hour, would be noted in remarks on Form No. 2 as 
“SSE 1445C+”. 

40. Temperature of barometer. — The temperature of the ba- 
rometer is obtained by reading the thermometer attached to the barom- 
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eter. This reading is ordinarily referred to as the “ attached ther- 
mometer reading.’ ’ The reading is always taken to the nearest half 
degree. When Form No. 79, “Barometric Corrections/’ indicates a 
correction of 0.5 or more for the attached thermometer at the observed 
temperature, that correction is added algebraically to the value 
indicated by the attached thermometer, and the result is recorded as 
the attached thermometer reading. 

41. Observed barometer reading. — The observed barometer 
reading is obtained by gently tapping the cistern of the barometer; 
adjusting the level of the mercury in the cistern so that the mercury 
just barely touches the ivory point; adjusting the vernier so that its 
lower edge coincides with the top of the meniscus of the mercury 
column; and reading the height of the mercury column to the nearest 
one-thousandth of an inch by means of the vernier. 

42. Barograph reading. — The barograph reading is the value of 
station pressure as indicated by the barograph at the time of observa- 
tion. The barograph is read to the nearest hundredth of an inch. 
The barograph reading may be used to check the station pressure 
value computed from the barometer reading against gross errors. 
The barograph reading and the station pressure should agree easily. 

43. Pressure tendency and change. — The pressure tendency and 
change during the 3 hours preceding the observation are obtained by 
inspection of the barograph trace. 

a. Pressure tendency. — (1) The pressure tendency is the slope and 
change of slope of the barogram. It is represented by one of 10 sym- 
bols or by corresponding code number. The 10 types of tendencies 
are given below: 

Code No. 

(0) Pressure now higher than or equal t.o pressure 3 hours ago. Pressure rising, 

then falling. 

(1) Pressure now higher than or equal to pressure 3 hours ago. Pressure rising, 

then steady; or pressure rising, then rising more slowly. 

(2) Pressure now higher than or equal to pressure 3 hours ago. Pressure unsteady. 

(3) Pressure now higher than or equal to pressure 3 hours ago. Pressure steadily 

rising, or steady. 

(4) Pressure now higher than or equal to pressure 3 hours ago. Pressure falling, 

then rising; or pressure steady, then rising; or pressure rising, then rising 
more rapidly. 

(5) Pressure now lower than pressure 3 hours ago. Pressure falling, then rising. 

(6) Pressure now lower than pressure 3 hours ago. Pressure falling, then steady; 

or pressure falling, then falling less rapidly. 

(7) Pressure now lower than pressure 3 hours ago. Pressure unsteady. 
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(8) Pressure now lower than pressure 3 hours ago. Pressure falling steadily. 

(9) Pressure now lower than pressure 3 hours ago. Pressure rising, then falling; 

or pressure steady, then falling; or pressure falling, then falling more 
rapidly. 

(2) For a trace to be classified as unsteady (Code Nos. (7) or (2)) 
it must have at least two troughs or two crests, each one so pro- 
nounced as to have points on it which are more than 0.02 inch of 
pressure different from the value at the mean trace. When a baro- 
graph trace has more than one change of slope but does not have the 
above characteristics of an “unsteady” trace, it will be characterized 
so as to indicate whether there has been a net increase, or no ohange, 




Figure 123— Pressure reading from micro barogram. 
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or decrease of pressure in the preceding 3 hours, and whether the 
latter part of the trace shows an increase or decrease of pressure. 

(3) Where there is a slight change in slope of the trace of the 
barograph, it wull be considered a discontinuity if the change in direc- 
tion of the trace is 22%° or greater (one-fourth of a right angle). If 
the change in direction is less than 22%°, that portion of the trace 
will be considered as steady. This rule is used to distinguish between 
numbers (3) and (2) or (4), and between (8) and (6) or (9). Where 
the barograph is used, a change in direction of 15° (one-sixth of a 
right angle) or more is necessary to constitute a discontinuity of slope. 

b. Amount of 'pressure change . — The amount of pressure change is 
the difference between the pressure at the tune of the observation 
and the pressure 3 hours earlier. This amount may be taken from 
the barograph trace and is observed to the nearest five-thousandths 
of an inch. The sense or the sign of the pressure change is given 
by the tendency characteristic. 

44. Dew point. — The dew point is that temperature to which a 
volume of water vapor (usually mixed with air) must be cooled at 
constant pressure to cause saturation of the volume with water 
vapor. (Further cooling would cause condensation of water.) The 
dew point is expressed to the nearest whole degree. 

a. Psychrometric tables . — (1) The dew point is obtained from 
psychrometric tables if the air temperature and wet-bulb temperature 
are known. The tables used in the Weather Service are those pre- 
pared for the United States Weather Bureau (W. B. No. 235). Differ- 
ent tables apply at different pressures, and there are tables for pressures 
of 30.00, 29.00, 27.00, 25.00, and 23.00 inches of pressure. The table 
corresponding to the pressure closest to the normal station pressure 
at the station is used at all observations regardless of the actual 
pressure at the time of the observation. 

(2) Psychrometric tables are constructed with the value of the air 
temperature as the horizontal argument (along the left of the table), 
and the difference between the air temperature and the wet-bulb 
temperature as the vertical argument (along the top of the table). 
In the body of the table are the dew-point temperatures corresponding 
to the temperature' shown on the left of the line, and to the difference 
between the wet-bulb temperature' and the air temperature at the 
head of the column in which the dew point appears. The difference 
between tin* air temperature and the wet-bulb temperature is com- 
monly referreel to as the depression of the wet-bulb temperature. 

b. Determination of the dew point. (1) Method. —The dew point is 
determined by: 
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(a) Determining the depression of the wet-bulb temperature. 

(b) Finding the air temperature and depression of the wet-bulb 
temperature on the appropriate table, or the adjacent values thereto 
Rrhen the temperature and/or depression of the wet-bulb temperature 
do not appear in the arguments of the tables. 

(c) Taking the value of the dew point to the nearest tenth from 
the table, using interpolation if necessary. 

(d) Reducing the dew point to the nearest whole degree. The 
principles of interpolation for dew points is the same as for sea-level 
pressures. 

(2) Blxamples . — In the following examples the readings were taken 
at Chanute Field where the psychrometric tables computed at 29.00 
inches are used. Part of these tables is shown here in table II. 

Table II . — For computation of dew point 



[Pressure = 29.0 inches] 



Air 

temp. 


Vapor 


Depression of wet-bulb thermometer (t—V) 


t 


press. 


































(°F) 

| 


e 


0.5 


1.0 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


4.5 


5.0 


5.5 


6.0 


6.5 


7.0 


7.5 


8.0 


20 1 


0.103 


18 


17 


15 


13 


11 


8 


5 


2 


-1 


-5 


-11 


-18 


-30 








21 , 


.108 


19 


18 


16 


14 


12 


10 


7 


4 


+1 


-3 


-8 


-14 


-23 


-42 






22 j 


.113 


20 


19 


17 


15 


13 


11 


9 


6 


3 


-1 


-5 


-10 


-17 


-29 






23 | 


.118 


22 


20 


18 


16 


14 


12 


10 


8 


5 


+1 


-3 


-7 


-13 


-22 


-40 




24 j 


.124 


23 


21 


19 


18 


16 


14 


11 


9 


6 


3 


rbO 


-4 


-10 


-17 


-28 




25 


.130 


24 


22 


21 


19 


17 


15 


13 


11 


8 


5 


+2 


-2 


-6 


-12 


— 2l| 


-36 


26 


.136 


25 


23 


22 


20 


18 


16 


14 


12 


10 


7 


4 


±0 


-4 


-9 


-15 


-26 


27 


.143 


26 


24 


23 


21 


20 


18 


16 


14 


12 


9 


6 


+3 


-1 


-5 


-11 


-19 


28 


.150 


27 


25 


24 


22 


21 


19 


17 


15 


13 


11 


8 


5 


+2 


-2 


-7 


-14 


29 | 


.157 


28 


26 


25 


24 


22 


20 


19 


17 


15 


12 


10 


7 


4 


=fc0 


-4 


-9 


30 


.164 


29 


27 


26 


25 


23 


22 


20 


18 


16 


14 


12 


9 


6 


+3 


-1 


-5 


31 , 


.172 


30 


29 


27 


26 


24 


23 


21 


20 


18 


16 


13 


11 


8 


5 


+2 


-2 


32 


.180 


31 


30 


28 


27 


26 


24 


23 


21 


19 


17 


15 


13 


10 


8 


4 


+1 


33 


.187 


32 


31 


29 


28 


27 


25 


24 


22 


21 


19 


17 


15 


12 


10 


7 


3 


34 


.195 


33 


32 


30 


29 


28 


27 


25 


24 


22 


20 


18 


16 


14 


12 


9 


6 


35 


.203 


34 


33 


31 


30 


29 


28 


26 


25 


23 


22 


20 


18 


16 


14 


11 


8 


36 


.211 


35 


34 


32 


31 


30 


29 


27 


26 


25 


23 


21 


20 


18 


15 


13 


11 


37 


.219 


36 


35 


33 


32 


31 


30 


28 


27 


26 


24 


23 


21 


19 


17 


15 


13 


38 


.228 


37 


36 


34 


33 


32 


31 


30 


28 


27 


26 


24 


23 


21 


19 


17 


14 


39 


.237 


38 


37 


36 


34 


33 


32 


31 


29 


28 


27 


25 


24 


22 


21 


19 


16 


40 


.247 


39 


38 


37 


35 


34 


33 


32 


31 


29 


28 


27 


25 


23 


22 


20 


18 


41 


.256 


40 


39 


38 


37 


35 


34 


33 


32 


30 


29 


28 


26 


25 


23 


22 


20 


42 


.266 


41 


40 


39 


38 


36 


35 


34 


33 


32 


30 


29 


28 


26 


25 


23 


21 


43 


.277 


42 


41 


40 


39 


38 


36 


35 


34 


33 


31 


30 


29 


27 


I 26 


24 


23 


44 


287 


43 


42 


41 


40 


39 


38 


36 


35 


34 


32 


31 


30 


29 


1 27 


26 


24 


45 


.298 


44 


43 


42 


41 


40 


39 


37 


36 


35 


34 


32 


31 


30 


29 


27 


26 


46 ; 


.310 


45 


44 


43 


42 


41 


40 


39 


37 


36 


35 


34 


32 


31 


30 


28 


27 


47 i 


.322 


46 


45 


44 


43 


42 


41 


40 


39 


37 


36 


35 


34 


32 


31 


30 


28 


48 | 


.334 


47 


46 


45 


44 


43 


42 


41 


40 


39 


37 


36 


35 


34 


32 


31 


30 


49 


.347 


48 


47 


46 


45 


44 


43 


42 


41 


40 


39 


37 


36 


35 


34 


32 


31 


50 


1 .360 


49 


48 


47 


46 


45 


44 


43 


42 


41 


40 


39 


37 


36 


35 


34 J 


32 


51 


.373 


50 


49 


48 


47 


46 


45 


44 


43 


42 


41 


40 


39 


37 


36 | 


35 


34 


52 


.387 


51 


50 


49 


48 


47 


46 


45 j 


44 


43 . 


42 


41 


40 


39 


37 , 


36 ! 


35 


53 


.402 


52 


51 


50 


49 


48 


47 


46 


45 


44 1 


43 


42 


41 


40 


39 


38 ' 


36 


54 


, .417 


53 


52 


51 , 


, 50 


49 , 


49 | 


48 | 


47 


46 | 


44 , 


43 1 


42 , 


41 i 


40 | 


39 | 


i 38 
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Table II . — For computation of dew point — Continued 



[Pressure =29.0 inches] 



temp. 


Depression of wet-bulb thermometer (t — t') 


(°F) * 


0.5 


1.0 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


4.5 


5.0 


5.5 


6.0 


6.5 


7.0 


7.5 


8.0 


65 ! .432 


54 


53 


52 


52 


51 


50 


49 


48 


47 1 


46 


45 


43 


42 


41 


40 


39 


66 . 448 


55 


54 


53 


53 


52 


51 


50 


49 


48 


47 


46 


45 


44 


43 


41 


40 


67 . 465 


56 


55 


54 


54 


53 


52 


51 


50 


49 


48 


47 


46 


45 


44 


43 


42 


58 . 482 


57 


56 


56 


55 


54 


53 


52 


51 


50 


49 


48 


47 


46 


45 


44 


43 


59 | . 499 


58 


57 


57 


56 


55 


54 


53 


52 


51 


50 


49 


48 


47 


46 


45 


44 


60 .517 


59 


58 


58 


57 


56 


55 


54 


53 


52 


51 


50 


49 


48 


47 


46 


45 


61 .536 


60 


59 


59 


58 


57 


56 


55 


54 


53 


52 


52 


51 


50 


49 


48 


46 


62 . 555 


61 


60 


60 


59 


58 


57 


56 


55 


55 


54 


53 


52 


51 


50 


49 


48 


63 . 575 


62 


61 


61 


60 


59 


58 


57 


56 


56 


55 


54 


53 


52 


51 


50 


49 


64 .595 


63 


62 


62 


61 


60 


59 


58 


58 


57 


56 


55 


54 


53 


52 


51 


50 


65 . 616 


64 


63 


63 


62 


61 


60 


59 


59 


58 


57 


56 


55 


54 


53 


52 


51 


66 .638 


65 


64 


64 


63 


62 


61 


61 


60 


59 


58 


57 


56 


55 


54 


54 


53 


67 . 661 


66 


65 


65 


64 


63 


62 


62 


61 


60 


59 


58 


57 


56 


56 


55 


54 


68 . 684 


67 


67 


66 


65 


64 


63 


63 


62 


61 


60 


59 


58 


58 


57 


56 


55 


69 . 707 


68 


68 


67 


66 


65 


64 


64 


63 


62 


61 


60 


60 


59 


58 


57 


56 


70 1 .732 


69 


69 


68 


67 


66 


66 


65 


64 


63 


62 


62 


61 


60 


59 


58 


57 


71 . 757 


70 


70 


69 


68 


67 


67 


66 


65 


64 


63 


63 


62 


61 


60 


59 


56 


72 . 783 


71 


71 


70 


69 


68 


68 


67 


66 


65 


65 


64 


63 


62 


61 


60 


60 


73 . 810 


72 


72 


71 


70 


69 


69 


68 


67 


66 


66 


65 


64 


63 


62 


62 


61 


74 .838 


73 


73 


72 


71 


70 


70 


69 


68 


67 


67 


66 


65 


64 


64 


63 


62 


75 .866 


74 


74 


73 


72 


71 


71 


70 


69 


68 


68 


67 


66 


65 


65 


64 


63 


76 .896 


75 


75 


74 


73 


73 


72 


71 


70 


70 


69 


68 


67 


66 


66 


65 


64 


77 .926 


76 


76 


75 


74 


74 


73 


72 


71 


71 


70 


69 


68 


68 


67 


66 


65 


78 . 957 


77 


77 


76 


75 


75 


74 


73 


72 


72 


71 


70 


69 


69 


68 


67 


66 


79 .989 


78 


78 


77 


76 


76 


75 


74 


73 


73 


72 


71 


70 


70 


69 


68 


67 


80 1 1.022 


79 


79 


78 


77 


77 


76 


75 


75 


74 


73 


72 


72 


71 


70 


69 


69 



(a) Both temperature and depression of wet-bulb temperature appear as 
arguments in the table. 

Temperature: 45.0 
Wet-bulb temperature: 40.5 
hence — Depression of wet-bulb temp. : 4.5 

In table II (page 26, W. B. 235) , the dew point on the line of temperature 45°, in 
the column headed 4.5°, is 35° (i. e., 35.0). The dew point is 35°. 

(b) The temperature actually appears on the table as an argument, but depres- 
sion of the wet-bulb temperature is a value intermediate between values appearing 
at the head of the table. 

Temperature: 21.0 
Wet-bulb temperature: 17.3 
hence — Depression of wet-bulb temp. : 3.7 

The pertinent part of the table is: 





3. 5 


(3.7) 


4.0 


21.0 


7 




4 



(Values inserted in parentheses are to facilitate interpolation.) The proportion 
set-up is: 
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3.7— 3.5 x .2 x 

4.0 — 3.5 — 7— 4 or .5 — 3 




This value, x= 1.2, must be subtracted from the 7 because the dew point decreases 
if depression of the wet-bulb temperature increases. The required dew point 
is 7— 1.2= 5.8, or 6° to the nearest whole degree. 

(c) Depression of the wet-bulb temperature actually appears on the table as an 
argument, but the temperature is an intermediate value. 

Temperature: 53.3 
Wet-bulb temperature: 49.8 
hence — Depression of wet-bulb temp. : 3.5 

The pertinent part of the table is: 

3. 5 



i 

53.0 46 

(53.3) 

54.0 | 48 

The interpolation is accomplished as follows: 

53.3-53.0_ x .3 _ x 

54.0-53.0 48.0-46.0 <>r 1.0 2.0 

x = .6 

Since the dew point increases with increasing temperature, this value is added to 
the lower value of the dew point, giving 46.0 +.6 = 46.6, or 47° to the nearest whole 
degree. 

(d) Neither temperature nor depression of the wet-bulb temperature appears 
as an argument in the table. 

Temperature: 35.4 
Wet-bulb temperature: 30.7 
hence — Depression of wet-bulb temp. : 4.7 

The pertinent part of the table is: 





i 4. 5 


(4. 7) 

i 


5. 0 


35.0 


23 




22 


(35.4) ; 


i 






36.0 


25 




23 



The first step here is to find the dew points appropriate to a temperature of 35.4 
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and depressions of the wet-bulb temperature of 4.5° and 5.0° respectively, by 
interpolation. For a depression of 4.5° the interpolation is carried out thus: 

35.4— 35.0 x 4 x 

36.0 -35.0“ 25.0 -.23.0 01 1.0 — 2.0 I “ -8 

Temperature, 35.4; depression of wet-bulb temp., 4.5; dew point, 23.8. 

For a depression of 5.0° at temperature 35.4, the interpolation is as follows: 

35.4- 35.0 x A^x 

36.0 - 35.0 ~ 23.0 - 22.0 or 1.0 1.0 * - ’ 4 

Temperature, 35.4; depression of wet-bulb temp., 5.0; dew point, 22.4. 

The extract from psychrometric tables may now be expanded thus: 





A 5 (4. 7) 


5. 0 


35. 0 


23 ' 


22 


35. 4 


23. 8 


22. 4 


36. 0 


25 | 


23 



The desired dew point at temperature 35.4, and depression of wet-bulb tempera- 
ture 4.7, is obtained by interpolation between 23.8 and 22.4, thus: 

4.7 -4.5 x .2 x 

5.0 —4.5 23.8-22.4 or .5 1.4 x_ d0 

The desired dew point is 23.8 — .56= 23.24, or 23°. Subtraction is used because 
the dew point increases as depression of the wet-bulb temperature increases. 

(3) Reduction . — To reduce the dew point to the nearest whole degree 
when the decimal part is greater than .5, the next higher whole number 
is used; if the decimal part is less than .5, the decimal part is dropped, 
and the whole number remaining is the dew point to the nearest whole 
degree. When the decimal part is just .5, the value used is either the 
next higher whole number or the next lower whole number, depending 
on which is an even number, i. e., a multiple of 2. Thus, 39.4 would 
be reduced to 39; 44.7 would be reduced to 45; 37.5 would be reduced 
to 38; and —4.5 would be reduced to —4. This convention is used in 
dropping decimals in all instrumental and computed values of the 
weather observation. 

46. Relative humidity. — The relative humidity is the ratio, 
expressed in percent, between the amount of water vapor actually 
present in the air and the maximum amount of water vapor that could 
be present at the temperature observed. 

a. Psychrometric tables . — The relative humidity is obtained from the 
temperature and wet-bulb temperature with the use of psychrometric 
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tables. These psychrometric tables are contained in the tables pre- 
pared by the United States Weather Bureau (W. B. No. 235). Differ- 
ent tables, all included in W. B. No. 235 apply at different pressures. 
There are tables for pressures of 30.00, 29.00, 27.00, 25.00, and 23.00 
inches of pressure. The table corresponding to the pressure closest to 
the normal station pressure at the station is used for all observations 
there, regardless of the actual pressure at the time. Reading of tables 
for relative humidity is similar to reading of tables for dew point, and 
interpolation is also the same for both tables. 

b. Determination of the relative humidity. — (1) Method . — The relative 
humidity is determined by — 

(а) Determining the depression of the wet-bulb temperature. 

(б) Finding the air temperature and the depression of the wet-bulb 
temperature on the appropriate table. 

(c) Obtaining the value of the relative humidity to the nearest tenth 
of 1 percent from the table, using interpolation if necessary. 

(d) Reducing the relative humidity to the nearest whole percent. 

Table III. — For computation of relative humidity 



[Pressure = 29.0 inches] 



Air 

temp. 












Depression of wet-bulb thermometer (t— V 


) 












t 

(°F) 0.5 


1.0 


1.5 


2.0 


1,5 


3.0 

| 


3.5 


4.0 


4.5 


! 5.0 
! 


! 5.5 


6.0 


6.5 


7.0 


7.5 


1 8.0 


8.5 j 


9.0 


9.5 


10.0 


10.5 


20 92 


85 


78 


70 


63 


56 


49 


42 


35 


28 


21 


14 


| 7 


















21 93 


86 


78 


71 


64 


57 


50 


44 


37 


30 


24 


17 


10 


3 
















22 93 


86 


79 


72 


65 


59 


52 


45 


39 


32 


26 


19 


1 13 


7 


0 














23 93 


87 


80 


73 


66 


60 


53 


47 


41 


34 


28 


22 


16 


10 


3 














24 94 


87 


81 


74 


68 


61 


55 


49 


42 


36 


30 


24 


18 


12 


6 


0 












25 94 


87 


81 


75 


69 


63 


56 


50 


44 


38 


32 


27 


21 


15 


9 


4 












26 94 


88 


82 


75 


69 


64 


58 


52 


46 


40 


34 


29 


23 


18 


12 


7 


1 










27 94 


88 


82 


76 


70 


65 


59 


53 


48 


42 


36 


31 


26 


20 


15 


9 


4 










28 94 


88 


82 


77 


71 


66 


60 


55 


49 


44 


38 


33 


28 


23 


17 


12 


7 


2 








29 94 


89 


83 


78 


72 


67 


61 


56 


51 


45 


40 


35 


30 


25 


20 


15 


10 


5 


0 






30 95 


89 


84 


78 


73 


68 


62 


57 


52 


47 


42 


37 


32 


27 


22 


17 


12 


8 


3 






31 95 


89 


84 


79 


74 


69 


63 


58 


53 


49 


44 


39 


34 


29 


24 


20 


15 


10 


6 


1 




32 95 


90 


85 


79 


74 


69 


65 


60 


55 


50 


45 


41 


36 


31 


26 


22 


17 


13 


9 


4 




33 95 


90 


85 


80 


76 


71 


66 


61 


56 


52 


47 


42 


38 


33 


29 


24 


20 


16 


11 


7 


3 


34 95 


90 


86 


81 


77 


72 


67 


62 


58 


53 


49 


44 


40 


35 


31 


27 


22 


18 


14 


9 i 


5 


35 95 


91 


86 


82 


77 


73 


68 


64 


59 


55 


50 


46 


41 


37 


33 


29 


24 


20 


16 


12 


8 


36 95 


91 


87 


82 


78 


73 


69 


65 


61 


56 


52 


48 


43 


39 


35 


31 


27 


23 


18 


14 


10 


37 95 


91 


87 


83 


79 


74 


70 


66 


62 


58 


54 


49 


45 


41 


37 


33 


29 


25 


21 


17 


13 


38 96 


91 


87 


83 


79 


75 


71 


67 


63 


59 


55 


51 


47 


43 


39 


35 


31 


27 


23 


19 


15 


39 96 


92 


88 


84 


80 


76 


72 


68 


64 


60 


56 


52 


48 


44 


41 


37 


33 


29 


25 


21 


17 


40 96 


92 


88 


84 


80 


76 


72 


68 


64 


61 


57 


53 


49 


46 


42 


38 


35 


31 


27 


23 


20 


41 96 


92 


88 


84 


80 


77 


73 


69 


65 


62 


58 


54 


50 


47 


43 


40 


36 


33 


29 


26 


22 


42 96 


92 


88 


85 


81 


77 


73 


70 


66 


62 


59 


55 


51 


48 


45 


41 


38 


34 


31 


28 


24 


43 96 


92 


88 


85 


81 


78 


74 


70 


67 


63 


60 


56 


52 


49 


46 


43 , 


39 


36 ; 


32 


29 


26 


44 96 


93 


89 


85 


82 


! 78 


74 


71 


68 


64 


61 


57 


54 


51 


47 


44 


40 


37 


34 


31 


28 


45 | 96 


93 


89 


86 


82 


79 


75 


71 


68 


65 


61 


58 


55 


52 


48 1 


45 


42 


39 


36 


33 


29 


46 96 ; 


93 


89 


86 


82 


79 


75 


72 


69 


65 


62 


59 


56 


53 


49 


46 


43 


40 


37 


34 


31 


47 96 


93 


89 


86 


83 


79 


76 


73 


69 


66 


63 


60 


57 


54 


50 


47 


44 


41 


38 


35 


32 


48 96 


93 


90 


87 


83 


80 


76 


73 


70 


67 


63 


60 


57 


54 ! 


51 


48 


45 


42 


39 


36 


34 


49 96 


93 


90 


87 


83 


80 


77 


74 


71 1 


67 


64 


61 


58 


55 ! 


52 | 


49 


46 


43 


40 1 


37 


35 
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Air 

temp. 

t 

(°F) 


0.5 


50 


96 


51 


97 


52 


97 


53 


1 97 


54 


97 


55 


| 97 


56 


97 


57 


! 97 


58 


97 


59 


97 


60 


97 


61 


97 


62 


97 


63 


97 


64 


97 


65 


! 97 


66 


| 97 


67 


97 


68 


, 97 


69 


97 


70 


98 


71 


98 


72 


98 


73 I 


98 


74 


98 


75 1 


98 


76 1 


98 


77 


98 


78 


98 


79 


98 


80 


98 



Table III . — For computation of relative humidity — Continued 
[Pressure = 29.0 inchesj 



Depression of wet-bulb thermometer (t — V) 



\ 1.0 1.5 2.0 I 2.5 | 3.0 [ 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10. 5 



95 92 90 87 

95 92 90 87 

95 92 90 I 88 

95 93 | 90 88 

95 93 90 88 

95 93 90 88 

95 93 90 88 

95 93 91 89 

95 93 91 89 

95 93 91 89 j 

93 93 91 89 

96 93 91 89 

96 93 91 89 , 

96 94 91 89 I 

96 94 91 ! 89 



81 77 74 j 

81 78 75 | 

81 78 75 

82 78 j 75 

82 79 76 

82 79 ! 76 

82 79 1 77 

83 ! 80 i 77 



84 81 78 

84 81 79 

84 81 79 

I 84 82 79 

! 85 82 79 

85 I 82 80 

85 83 80 

85 83 80 

85 83 81 

86 83 81 

86 83 81 

86 84 82 

86 84 82 

86 84 82 

86 84 82 

87 84 82 

87 85 | 83 . 

87 85 J 83 ’ 

87 85 1 83 , 

87 i 85 | 83 j 



53 50 47 

54 51 48 

55 52 49 

56 53 50 

57 54 51 

57 55 52 

58 55 53 

59 56 53 

60 57 54 

60 58 55 

61 58 56 

61 59 56 

62 60 57 

62 60 58 

63 61 58 

64 62 59 

64 62 60 

65 62 60 

65 a3 61 

66 64 61 

66 64 62 

67 64 62 

67 65 as 

67 65 63 

68 66 64 

68 66 64 

69 67 65 

69 67 65 

69 67 66 

70 68 66 



44 42 39 

45 43 40 

46 44 41 

47 45 42 

48 46 43 

49 47 44 

50 48 45 

51 49 46 

52 49 47 

53 50 48 

53 51 49 

54 52 50 

55 53 50 

56 53 51 

56 54 52 

57 55 53 

58 55 53 

58 56 54 

59 57 55 

59 57 55 

60 58 56 

60 58 56 

61 59 57 

61 60 58 

62 60 58 

63 61 59 

63 61 59 

63 61 60 

64 62 60 

64 62 60 



(2) Examples . — -In the following examples the readings were taken at Chanute 
Field where the psvchrometric tables for 29.00 inches are used. Several cases 
are presented which differ in interpolation. 

(a) Both the temperature and depression of the wet-bulb temperature actually 
observed appear as arguments in the table. 

Temperature: 45.0 
Wet-bulb temperature: 40.5 
hence — Depression of wet-bulb temp.: 4.5 

On page 63 of the psvchrometric tables, reproduced here as Table III, the relative 
humidity on the line for a temperature of 45°, in the column for a depression of 
the wet-bulb temperature of 4.5°, is 68.0%. The relative humidity is recorded 
as 68. 

( b ) The temperature actually appears in the table as an argument of the 
table, but the depression of the wet-bulb temperature is a value intermediate 
between values appearing at the head of the tables. 

Temperature: 21.0 
Wet-bulb temperature: 17.3 
hence Depression of wet-bulb temp.: 3.7 
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The pertinent part of the table is: 



1 3. 5 


(3.7) 


4.0 


21.0 


i 

50.0 




44. 0 



The following proportion is set up: 

3.7— 3. 5_ x .2 x . 

4.0 -3.5 ~50.0 -44.0 or .5“ 6 X ~ ZA 

The relative humidity is 50.0—2.4=47.6 or 48 (to the nearest whole percent). 

(c) The depression of the wet-bulb temperature actually appears at the head 
of the psychrometric tables, but the value of the temperature is intermediate 
between values of temperature appearing as arguments on the table. 

Temperature: 53.3 
Wet-bulb temperature: 49.8 
hence — Depression of wet-bulb temp.: 3.5 

The pertinent part of the table is: 



j 


3. 5 


53 


78 



(53.3) 



54 79 

The following proportion is set up: 

53.3- 53.0 _ x .3 x 

54.0-53.0 79.0-78.0 ° r 1.0 1.0* 6 

The relative humidity is 78.0 + .3=78.3, or 78 to the nearest whole percent. 

(d) Neither the observed temperature nor depression of the wet-bulb tem- 
perature appears directly as an argument on the psychrometric tables. 

Temperature: 35.4 
Wet-bulb temperature: 30.7 
hence — Depression of wet-bulb temp.: 4.7 

The pertinent part of the table is: 



4.5 I (4.7) 1 5.0 



35.0 I 59 55 

(35.4) . 

36.0 _ 61 56 

The first step in this double interpolation is to determine the relative humidities 
appropriate to a temperature of 35.4 and depressions of the wet-bulb temperature 
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of 4.5 and 5.0, respectively, by interpolation. For the depression of the wet-bulb 
temperature of 4.5, the proportion set-up is: 

35.4- 35.0 x Ax 

36.0-35.0 61.0-59.0 01 1.0“2.0 a ' - - 8 

The relative humidity at temperature 35.4 and depression of the wet-bulb 
temperature 4.5 is 59.8. For the relative humidity where the temperature is 
35.4 and depression of the wet-bulb temperature is 5.0, the following proportion 
is set up: 

35.4- 35.0 _ x A _ x 

36.0-35.0 56.0-55.0 or 1.0 1.0 X- ’ 4 

The relative humidity at a temperature of 35.4, and a depression of the wet-bulb 
temperature of 5.0, is 55.4. When these values are inserted into the extract 
table shown above, it appears as: 





4.5 j (4.7) 


| 5.0 


35.0 _ _ 


1 

59 


55 


(35.4) 


(59. 8) 


(55. 4) 


36.0 


61 


56 



The following step is to interpolate for the relative humidity at a temperature of 
35.4 and a depression of the wet-bulb temperature of 4.7. The proportion 
set-up is: 

4.7— 4.5 x .2 x 

o.O — 4.;) >9.8—00.4 .o 4.4 



This is subtracted from 59.8 (relative humidity decreases as depression of wet-bulb 
temperature increases). Thus the relative humidity is 58.04 or 58 to the nearest 
whole percent. 

(3) Reduction . — To reduce relative humidities to the nearest whole 
percent, if the decimal part of the interpolated values is greater than 
0.5, the next higher whole number is used; if the decimal part is less 
than 0.5, the next lower whole number is used. If the decimal part 
of the interpolated relative humidity is just 0.5, the next higher or the 
next lower whole percent is used, depending on which is an even 
number, i. e., a multiple of 2. 

46. Station pressure. — a. Station pressure is the pressure ex- 
erted by the atmosphere at the weather station, at the elevation of 
the ivory point of the barometer. It is expressed as the height of a 
column of mercury that would be supported by the atmosphere’s 
pressure if the mercury were at 28.5° C. and the gravity at the station 
were the same as at 45° N. latitude at sea level. To obtain the true 
station pressure, the observer must correct the observed barometer 
reading for any discrepancies from the above conditions. The cor- 
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rection comprises two parts, a temperature correction and a sum of 
gravimetric and instrumental corrections. The temperature correc- 
tion for any set of readings of the barometer and attached thermom- 
eter is given by Signal Corps Form No. 80, “Correction of Mercurial 
Barometer for Temperature,” part of which is shown as table IV. 
Note that for temperatures less than 28.5° F. the correction is positive, 

Table IV — Form No. 80 

*ormtfo.M* 



WAR DEPARTMENT 

SIGNAL CORPS. UNITED STATES ARMY 

METEOROLOGICAL SERVICE 



CORRECTION OF MERCURIAL BAROMETER FOR TEMPERATURE, ENGLISH MEASURES 

HEIGHT OP BAROMETER IN INCHES 



•F. 


24.0 


24.5 


25.0 


25.5 


26.0 


26.5 


27.0 


27.5 


28.0 


28.5 


29.0 


29.5 


20.0 


a 


B 


m 










Inch* 








ADD. 






cAm 








■ 


16 


.028 


.028 


.029 


.030 


.by> 


.030 


.031 


.032 


032 


.032 


•033 


•034 


•034 


•035 


.036 


m 


17 


.025 


.026 


.026 


.026 


.027 


.028 


.029 


.030 


.030 


.030 


.031 


.032 


032 


.032 


•033 


17 


18 


.023 


.024 


.024 


.024 


.025 


.026 


.026 


.026 


.027 


.028 


.028 


.028 


.029 


•030 


030 


18 


19 


.021 


.022 


.022 


.022 


.023 


.024 


.024 


.024 


.025 


.025 


.025 


.026 


.026 


.026 


.027 


19 


20 


.019 


.020 


.020 


.020 


.020 


.020 


.021 


.022 


.022 


.022 


.023 


.024 


.024 


.024 


.024 


20 


21 


.017 


.017 


.017 


.018 


.018 


.018 


.019 


.019 


.019 


.020 


.020 


.020 


.021 


.022 


.022 


21 


22 


.014 


.014 


.015 


.016 


.016 


.016 


.016 


,Ol6 


.017 


.017 


.017 


.018 


.018 


.018 


.019 


22 


23 


.012 


.012 


.013 


.013 


.013 


.014 


.014 


.014 


.014 


.014 


.015. 


.015 


015 


•Ol6 


.016 


28 


24 


.010 


.010 


.Oil 


.on 


on 


.on 


.on 


:oi2 


.012 


.012 


.012 


.6x2 


.013 


.013 


.013 


21 


25 


.008 


.008 


.008 


.008 


.009 


.009 


.009 


.009 


.009 


.OIO 


.010 


.010 


.010 


.OIO 


.010 


25 


26 


.006 


.006 


.006 


.006 


.006 


.006 


.006 


.006 


.007 


.007 


.007 


.007 


.007 


.007 


.007 


26 


27 . 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.004 


.005 


27 


28 


.001 


•OOI 


.00, 


.001 


.001 


.002 


.002 


.002 


.002 


.002 


.002 


.002 


002 


.002 


.002 


28 










fncA«« 






SUBTRACT 




ImcAm 










29 


.001 


.001 


.001 


.OOI 


.001 


.001 


.OOI 


.001 


.Obi 


.OOI 


.OOI 


.001 


OOI 


.OOI 


.001 


29 


30 


.003 


.003 


.003 


.003 


.003 


.003 


.003 


.003 


.OO3 


.004 


.004 


.004 


.004 


.004 


.004 


30 


31 


.005 


.005 


.005 


.005 


.006 


.006 


.006 


.006 


.006 


.006 


.006 


.006 


.006 


.007 


.007 


31 


32 


•007 


.007 


.008 


.008 


.008 


.008 


.008. 


.008 


.009 


.009 


.009 


.009 


.009 


.009 


.009 


32 


33 


.OIO 


.010 


.010 


.OIO 


.010 


.on 


.on 


.on 


.on 


.on 


.012 


.012 


.012 


.012 


.012 


33 


34 


.012 


.012 


.012 


.012 


•0.13 


.013 


.013 


.013 


.014 


.014 


.014 


.014 


.015 


.015 


.015 


34 


35 


.014 


.014 


.014 


.015 


.015 


.015 


.016 


.016 


.016 


.016 


.017 


.017 


.017 


.018 


.018 


35 


36 


.016 


.016 


.017 


.017 


.017 


.018 


.or8 




BH 


.019 


.019 


.020 


.020 


.020 


.021 


36 


33^ 

-sr* 


Eft 


.019. 

.056 


•057 


222 

m 


^020 


^*20 

^061** 


*^062” 






r£S1 


L 4222 J 

.067 


.068 


.069 


/07O 


yK 

.071 


kai 

"^54 


55 




.039 


.060 


.061 


.062 


.O63 


.064 


.066 


.067 


.068 


.069 


.070 


.072 


•O73 


.074 


55 


66 


.060 


.061 


.062 


.063 


.064 


.066 


.067 


.068 


.069 


.071 


.072 


073 


.074 


.076 


•077 


56 


57 


.062 


.063 


.064 


.066 


.067 


.068 


.069 


.071 


.072 


•073 


O75 


.076 


.077 


.078 


.080 


57 


58 


.064 


.065 


.066 


.068 


.069 


.070 


.072 


•073 


.074 


.076 


.077 


.078 


.080 


08 1 


.082 


58 


59 


.066 


.067 


.069 


E79 


..072 


•073 


.074 


.076 


.077 


.078 


.080 


.081 


•O83 


.084 


.085 


59 


60 


.068 


.070 


.071 




.074 


•075 


.077 


.078 


.080 


.081 


.082 


.084 


.085 


.087 


.088 


60 


60.5 


.069 


071 


.072 


.074 


.075 


.076 


.078 


.079 


.081 


.082 


.084 


.085 


087 


.088 


.089 


60.5 


61 


.070 


.072 


•073 


•075 


.076 


.078 


.079 


.081 


.082 


.084 


.083 


.086 


.088 


.089 


.091 


61 


61.5 


.071 


•073 


.074 


.076 


.077 


.079 


.080 


.082 


.083 


.085 


.086 


.088 


.089 


.091 


.092 


61.5 


62 


.073 


.074 


.076 


.077 


.079 


.080 


.082 


.083 


.085 


.086 


.088 


.089 


.091 


.092 


.094 


62 


62.5 


.074 


075 


.077 


.078 


.080 


.081 


.083 


.084 


.086 


.087 


.089 


.090 


.092 


.094 


.095 


62.5 


63 


075 


.076 


.078 


.079 


.081 


.082 


.084 


.086 


.087 


.089 


.090 


.092 


>093 


•095 


.096 


63 


63.5 


.076 


.077 


.079 


.080 


.082 


.084 


.085 


.087 


.688 


.090 


.092 


•093 


.095 


.096 


.098 


63.5 


64 


077 


.078 


.080 


.082 


.083 


O85 


.086 


.088 


.090 


.091 


•093 


.094 


.096 


.098 


.099 


64 


64.5 


.078 


.080 


081 


.083 


.084 


.086 


.088^ 


.089 


.091 


.093 


/O94 


.096 


.097 


.099 


.101 
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and that for temperatures greater than 28.5° F., the correction is 
negative. 

b. When the observed barometer reading differs from the values 
heading the column of Form No. 80, i. e., the decimal part of the 
reading is neither 0.500 nor 0.000, the temperature correction must 
be obtained by interpolation. Interpolation for the value of the tem- 
perature correction is accomplished in the same manner as is inter- 
polation in the case of the dew point, except that the value of the 
correction is determined to the fourth decimal place and then reduced 
to the nearest third decimal, i. e., to the nearest one-thousandth of 
an inch. 

Example: Attached thermometer reading: 62.5 
Observed barometer reading: 28.852 

The pertinent part of Form No. 80 is: 



Barometer in inches 


28.5 


(28.852) 


29.0 


. 087 




.089 





The following proportion is set up: 

.852 — .500 _ x .352 _ * 

1.000 - .500 .089 - .087 or .500 .002 



x = .001408 

The temperature correction is therefore .087 +.001, or .088 (subtract). 

c. Over part of the range of temperatures the arguments are given 
for whole degrees only, on Form No. 80. When the attached ther- 
mometer reading in this range of temperature is not an even degree, 
double interpolation is necessary. Here the corrections are determined 
for the desired pressure at the next higher whole degree of temperature 
and at the next lower whole degree value. These corrections are 
determined to the fourth decimal place. Next, the value of the 
temperature for the observed attached thermometer reading is 
determined by interpolation between these values and reduced to the 
nearest thousandth of an inch. If the value of the fourth decimal is 
exactly between two values to the third decimal place, the correction 
used is whichever of these has an even figure for its last digit. 
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d. The following method may be used to save time in single inter- 
polation. On the line for the observed attached thermometer reading 
on Form No. 80, note the difference between the corrections for the 
next higher and the next lower pressure values that are given by the 



rorra No. 7* Mvt'l 

WAR DEPARTMENT 

SIGNAL CORPS. UNITED STATE8 ARMY 
METEOROIOOICAL SECTION 



BAROMETRIC CORRECTIONS 

Signal Corps 

(Type) 

Barometer No 

In use at — 

[Long. 



<5>uVtoi) jut 

Station elevation ft. 

Mean annual temperature # F 

Mean pressure ia. 

Correction for local graritj UtItnde In * 

I Altitnde In. 

Scale error anil capillarity of instru- 
ment in. 

Sum of gravimetric and instru- 
mental corrections in. 

Removal correction ft in. 

(Allltuhr) (Dale) 

Sum of gravimetric and instru- 
mental eorreetions in. 

Removal correction ft in. 

lAllllmlr) (lisle) 

Sum of gravimetric and instru- 
mental corrections — In. 

Removal correction ft in. 

(Alllliflt) (Dale) 

Sum of gravimetric and instru- 
mental corrections in. 



SPECIAL REMOVAL CORRECTIONS 



Temp | 
<|lry bulb) j 

1 

-20 


i-Uiaii« B Removal • Sum of 

Mention CorreciloD CormriloM 






-1° 




• 


0 

+ 10 




1 




; 1 





+ 20 I 



+30 
+40 
+ 50 



+ 00 | 

+ 70 



+ HO 
+ 90 

4loo 



Amrsix Tmisosuu No 

(Correction In ilecrm F threaten to rtdoro 
lo .uirlaM nlr thermometer 

32 42 52 «2j 72 «2 02j 100 

* ». « ». §. « + 



l 'orrrrl loti. ol ft •. .Irrrre or mor* • III he ■|*|»lir.| In the oh 
ern.l irin|. rttiiro mol II, e rm-llnf Ihiu rurnete.l nllt t* 
u«.-l in •leti'fiiiitilnc I he cenrokin lor temperature o< tht 
•mtuMrier 



Fig. 124.— Form No. 79. 
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table. If this difference is .001, use the lower correction value if the 
fractional part of the observed barometer reading is between .000 and 
.250, or between .500 and .750; if the fractional part of the observed 
barometer reading is between .251 and 0.500, or between .751 and 
.000, use the lower correction + 001 (i. e., the greater correction). 
Where the difference between the two adjacent corrections is .002, use 
the lower correction when the fractional part of the observed barometer 
reading is between .000 and .125 or between .500 and .625; use the 
lower correction + .001, if the fractional part of the observed barometer 
reading is between .126 and .375, or between .626 and .875; use the 
lower correction +.002 (i. e., the greater correction) if the fractional 
part of the observed barometer reading is between .376 and .500, or 
between .876 and .000. Similar rules apply where .the differences 
between successive tabulated corrections are .003 and .004. The 
table below summarizes the rules. 



Amount to be added to 





.000 


.001 


1 

. 000 

§ « 


All values. 

) .001 250 


. 250 . 500 


3 5 . ooi 


| . 500- . 750 


. 750 . 000 

l 


Z £ 

> c . 002 


| . 000 . 1 25 


. 1 25-. 375 




j . 500 . 625 


! . 625-. 875 


% 'C 
X t 

£ 03 


1 . 000-. 083 


; . 084-. 250 


c s • 003 

o X 


} . 500- . 583 


. 584- 750 


S 5 

fc 

Q . 004 


/ . 000- . 062 
l . 500 . 562 


. 063 . 1 87 
. 563 . 687 



Example: Barometer reading, 29.687; at 
iag is an extract from Form Ao. 80 whi 



lower valve of correction 



.002 


.003 


.004 


. 375 . 500 
. 875-. 000 






1 

. 250-. 416 , 


. 417-. 500 




. 750- . 916 1 


! . 91 7-. 000 




. 188 . 412 


. 413-. 437 


. 438-. 500 


. 686 . 912 


. 9 13- 937 


. 938-. 000 



ched thermometer, 64.0°. The follow- 
applies here: 



I 29. 5 

i 



Subtract 



30. 0 



64.0 



. 094 
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The difference between the tabulated corrections is .002; the fractional part of the 
observed barometer reading is .687. Enter the third line (.002) of the interpolat- 
ing table above. Note that .687 is included in the box in the second column over 
(.626-.875). The amount at the head of that column (.001) is added to the lower 
correction value (.094), giving a temperature correction of .095. The correction 
is, negative going under * ‘Subtract/ ’ 

e. The sum of gravimetric and instrumental corrections comprises 
all the corrections, except the temperature correction that must be 
applied to the barometer reading to obtain the corrected station pres- 
sure. The sum of correction is fixed for any barometer at any location. 
Record of the sum of corrections is kept on Form No. 79 which is 
attached to the barometer case. The last sum of corrections entered 
on this form is the one used. 

/. The total correction is the sum (signs considered) of the tempera- 
ture correction and the sum of gravimetric and instrumental correc- 
tions. If the total correction is negative, it is subtracted from the 
observed barometer reading; if the correction is positive, it is added 
to the observed barometer reading. The result is the station pressure 
which is expressed to the nearest thousandth of an inch. 

47. Sea-level pressure. — Sea-level pressure is the theoretical 
pressure value that would be exerted by the atmosphere at a station 
at a given time, if that station were at sea level. At low-level stations 
a fixed amount is added to the station pressure, and the resulting sum 
is the sea-level pressure in inches. At other stations the temperature 
during the last 12 hours, as well as the elevation and the latitude, must 
be considered in determining the sea-level pressure. Tables are pre- 
pared for each such station, giving the sea-level pressure for any set 
of values of station pressure and average temperature during the last 
12 hours. 

a. Mean temperature , last 12 hours.— The mean temperature for the 
last 12 hours is one-half the sum of the current air temperature and the 
air temperature 12 hours earlier. If no observation was taken 12 
hours previous to the current observation, the temperature at that 
time is determined from the thermograph reading. Both the current 
temperature and the temperature 12 hours ago are taken to the 
nearest tenth of a degree, added, and divided by two. This average is 
reduced to the nearest whole degree. 

b. Sea-level pressure in inches .— The sea-level pressure is determined 
from the tables for reduction of station pressure to sea-level pressure for 
the station. Table V shows part of the tables for reduction of station 
pressure to sea-level pressure at Chanute Field, Rantoul, Illinois. 
Note that at the head of each column is a value of station pressure to 
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an even ten-hundredths (0.10) of an inch, and that at the left of each 
line is a temperature value which is a multiple of five. 



Table V. — For reducing barometer readings to sea level, Chanute Field, 

Rantoul, IU . 



Altitude: 744 ft. 



STATION PRESSURE 



Latitude: 40°20'N. 
Longitude: 88°10 , W. 





29.60 


29.70 


28.80 


28.90 


29.00 


29. 10 


29.20 


29.30 


29.40 


29.50 


Temp. 

V°F. 


Sea-level pressure 


-10 


30.49 


30.59 


29. 67 


29. 77 


29. 87 


29. 97 


30.08 


30.18 


30.28 


30.28 


-5 


30.48 


30.58 


29.66 


29. 76 


29.86 


29.96 


30.07 


30.17 


30.27 


30.37 


0 


30.48 


30.58 


29.65 


29. 75 


29.86 


29.96 


30.07 


30.17 


30.27 


30.37 


6 


30. 47 


30. 57 


29.64 


29.74- 


29.85 


29. 95 


30.06 


30. 16 


30.26 


30.36 


10 


30. 46 


30.56 


29.64 


29. 74 


29.84 


29.94 


30.05 


30. 15 


30.25 


30.35 


15 


30. 46 


30.56 


29.63 


29. 73 


29.84 


29.94 


30.05 


30. 15 


30.25 


30.35 


20 


30.45 


30.55 


29.63 


29.73 


29.83 


29.93 


30.04 


30.14 


30.24 


30.34 


25 


30. 45 


30. 55 


29. 62 


29.74 


29.83 


29.93 


30.04 


30.14 


30.24 


30.34 


30 


30.45 


30.55 


29. 62 


29. 72 


29. 82 


29. 92 


30.03 


30. 13 


30.24 


30.34 


35 


30.44 


30.54 


29. 61 


29. 71 


29. 82 


29. 92 


30.03 


30.12 


30.23 


30.33 


40 


30.43 


30.53 


29. 61 


29. 71 


29. 81 


29. 91 


30. 02 


30. 12 


30.22 


30.32 


45 


30.42 


30. 52 


29.60 


29. 70 


29. 81 


29. 91 


30. 02 


30.12 


30.22 


30.32 


50 


30. 42 


30.52 


29.60 


29.70 


29.80 


29.90 


30.01 


30.11 


30.21 


30.31 


55 


30.41 


30. 51 


29. 59 


29.69 


29.80 


29.90 


30.01 


30.11 


30.21 


30.31 


60 


30. 41 


30. 51 


29. 59 


29.69 


29.80 


29.90 


30.01 


30.11 


30.21 


30.31 


65 


30.40 


30.50 


29.58 


29.68 


29.79 


29. 89 


30.00 


30.10 


30.20 


30.30 


70 


30.39 


30.49 


29.58 


29.68 


29.78 


29.88 


29.99 


30.09 


30. 19 


30.29 


75 


30.39 


30.49 


29. 57 


29. 67 


29.78 


29.88 


29.98 


30.08 


30.19 


30.29 


80 


30.38 


30.48 


29.57 


29. 67 


29. 77 


29. 87 


29.98 


30.08 


30.18 


30.28 


85 


30.38 


30. 48 


29. 56 


29.66 


29. 77 


29. 87 


29. 97 


30.07 


30.18 


30.28 


90 


30.38 


30.48 


29.56 


29.66 


29. 76 


29. 86 


29. 97 


30. 07 


30.17 


30.27 


95 


30.38 


30.48 


29.55 


29. 65 


29. 76 


29.86 


29.96 


30.06 


30.17 


30.27 


100 


30.38 


30.48 


29.55 


29.65 


29.76 


29.86 


29.96 


30.06 


30.17 


30.27 



(1) If the average temperature to the nearest whole degree is a multiple of five 
(and therefore appears at the left of the table), and the station pressure, when 
reduced to the nearest one-hundredth of an inch, actually is to an even tenth of an 
inch, i. e., the second decimal place has a zero (and therefore the station pressure 
appears as at the top of the table) , the sea-level pressure is taken directly from the 
table. It is the figure in the column for the given station pressure and on the line 
for the given average temperature. Thus, if the station pressure is 29.20 inches to 
the nearest hundredth at Chanute Field, and the average temperature for the 
last 12 hours is 65° F., the sea level pressure is found in the 29.20 column and 
on the 65° F. line; it is 30.00 inches. 

(2) If the average temperature is a multiple of five, but the station pressure 
does not reduce to an even tenth of an inch, the sea-level pressure must be deter- 
mined by interpolation. Interpolation is a method of determining intermediate 
values from values given in a table. Thus, if the average temperature at Chanute 
Field is 55° F., and the station pressure to the nearest hundredth of an inch is 



212 



Digitized by v^ooQle 




THE WEATHER OBSERVER 



TM 1-235 
47 



29.158 inches, the observer would be concerned with the part of the table shown 
below: 







Station pressure 




Temperature 








29. 10 ! 29. 20 

1 


55° 


29. 90 30. 01 



Since the observed station pressure is 29.16 (to the nearest hundredth of an inch), 
the following proportion is set up: 



29.16 -29.10 
29.20-29.10 

x= 



30.01-29.90 
0066 



.10 



-=.066 



or 



,06 

.10 



x 

Ti 



.07 is the difference between the lower sea-level pressure value and the required 
sea-level pressure value. Thus, the sea level pressure at Chanute Field in the 
example above is 29.90 + .066 *=29. 966, or 29.97. 

(3) If the station pressure reduces to whole tenths of inches and the average 
temperature to the nearest whole degree is not a multiple of five, the value for the 
reduced sea-level pressure is obtained by interpolation between the temperature 
values given in the table for reduction from station pressure to sea-level pressure. 
Interpolation here is carried out in the same way as in the case given just above. 
Example: Station pressure at Chanute Field, 29.402 inches; average temperature, 
63° F. The part of the table shown below is involved: 

. Station 
pressure 



Temperature — 

29.40 



60° F 30. 21 

65° F I 30. 20 

The proportion set-up is: 

63 — 60 x 3 x_ 

65— 60 - 30.2 1— 30.20 or 5 _ .01 

ftO 

£=-+= .006 or .01 
o 

Since 30.21 is the pressure value corresponding to the lower temperature, and 
since the sea-level pressures decrease as temperatures increase in the table, 
this .01 must be subtracted from the 30.21, and the result is a sea-level pressure 
of 30.20. This result could, in this case, have been determined by inspection from 
the fact that the sea-level pressure would have to be either 30.20 or 30.21 (to the 
nearest hundredth) since it is between these two values. Because 63° is nearer 65° 
than 60°, the pressure appropriate to the 65° would naturally be the value deter- 
mined by inspection, namely 30.20. 
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(4) If the station pressure is a number not evenly divisible by .10, and the 
average temperature in the last 12 hours is not divisible by five, the sea-level 
pressure must be determined by double interpolation. Double interpolation 
consists of first interpolating to find the values of the sea-level pressure at the 
temperature given and at the next higher and next lower values of station pressure 
divisible by .10, and then interpolating between these two values for the sea-level 
pressure appropriate to the observed station pressure. The sea-level pressures 
determined for the next higher and the next lower values for station pressure are 
determined to the nearest thousandth of an inch. When interpolation between 
these two values is completed, the result is expressed to the nearest hundredth of 
an inch. Example: At C'hanute Field the station pressure is 28.917; the average 
temperature of the air in tin* last 12 hours is 67° F. ^ 

(a) Step 1: Reduce the station pressure to the nearest hundredth of an inch: 
28.92. 

( b ) Step 2: Determine the sea-level pressures at the given average temperature 
tor the next higher and the next lower station-pressure values that appear on the 
chart. The sea-level pressure at 28.90 station pressure and 67° F. is 29.680, by 
inspection. The sea-level pressure at 29.00 station pressure and 67° F. average 
temperature is determined by interpolation from the table: 

I 29. 00 



65° _ ; 29.79 

70° j 29.78 

The proportion set-up in interpolating is: 

07 — On x 2_ x 
70 -(m .01 ” r 5 .01 

x .004 

Since the sea-level pressure is lower for higher average temperatures, .004 must be 
subtracted from the pressure corresponding to 0o° F. : 

29. 79 -.00-1 =29.786 



(c) Step 3: Tabulate the results of the single interpolation: 

I 28. 90 29. 00 



63° F_ _ _ 29. 680 29. 786 

(d) Step 4: Interpolate between the above values of sea-level pressure to find 
the sea-level pressure corresponding to a station pressure of 28.92. 

28.92 28.90 x .02^ x 

29.00 — 28 90 29. 786 — 29.080 ° r .10~ .106 

x = .0212 or .021 
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Since sea-level pressures increase with increasing station pressures, .021 must be 
idded to 29.680: 

29.680 +.021 *29.701 

(e) Step 5: Reduce the sea-level pressure (29.701), to the nearest hundredth of 
m inch, 29.70. 

c. Sea-level 'pressure in millibars. — Sea-level pressure is finally 
expressed in millibars. The value in millibars and tenths of a milli bar 
is taken from a conversion table which gives the corresponding expres- 
sion in millibars (and tenths) for each value of sea-level pressure in 
inches and hundredths of an inch of mercury. This conversion table 
is found in appendix I. 

48. Altimeter setting. — The altimeter setting is a pressure, in 
inches and hundredths of an inch, used in setting a pressure-scale type 
sensitive altimeter in an airplane, such that when the airplane lands 
at an airport, the altimeter will indicate very closely the elevation of the 
field above sea level. The altimeter setting is computed on the pre- 
sumption of a fixed temperature distribution in the atmosphere and 
thus differs from meteorological sea-level pressure. The altimeter 
setting is thus determined by the station pressure and the elevation 
of the station. For each station there is a table giving the altimeter 
setting in inches and hundredths of an inch for each value of station 
pressure. The altimeter setting is taken directly from this table with- 
out interpolation. Table VI illustrates the table for determining 
altimeter settings at Chanute Field. Example: The altimeter setting 
at Chanute Field is 29.94 inches when the station pressure there is 
29.15 inches. 



Table VI . — Altimeter settings, Chanute Field, Illinois 



Station 

pressure 

(inches) 


0.00 


0.01 


0.02 


0.03 


0.04 


0. 05 


0.06 


0.07 


0.08 


0.09 


28.00 


28. 76 


28. 77 


28.78 


28.79 


28.80 


28.81 


28. 82 


28.83 


28.84 


28.85 


28.10 


28.86 


28.87 


28.88 


28.89 


28.90 


28.91 


28.92 


28.93 


28.94 


28.96 


28.20 


28.97 


28.98 


28.99 


29.00 


29. 01 


29.02 


29.03 


29.04 


29. 05 


29.06 


28.30 


29.07 


29.08 


29.09 


29. 10 


29.11 


29. 12 


29. 13 


29. 14 


29. 15 


29. 16 


28.40 


29 17 


29 18 


29 19 


29. 20 


29 21 


29 22 


29 23 


29 24 


29 25 


29 26 


28.50 


29.27 


29.28 


29.29 


29.30 


29.31 


29. 31 


29. 32 


29.33 


29.34 


29.36 


28.60 


29.37 


29.38 


29.39 


29.40 


29. 42 


29.43 


29.44 


29. 45 


29.46 


29.47 


28.70 


29.48 


29.49 


29.50 


29. 51 


29.52 


29.53 


29.54 


29. 55 


29.56 


29. 57 


28.80 


29.58 


29.69 


29.60 


29. 61 


29.62 


29.63 


29.64 


29.65 


29.66 


29.67 


28.90 


29.68 


29.69 


29.70 


29. 71 


29. 72 


29.73 


29.74 


29. 75 


29.76 


29.77 


29.00 


29.78 


29.79 


29.80 


29. 81 


29.82 


29.83 


29.84 


29.85 


29.86 


29.87 


29.10 


29.89 


29.90 


29.91 


29.92 


29.93 


29.94 


29. 95 


29.96 


29.97 


29.98 


29.20 


29.99 


30.00 


30.01 


30.02 


30.03 


30.04 


30. 05 


30.06 


30.07 


30.08 


29.30 


30.09 


30.10 


30.11 


30.12 


30. 13 


30.14 


30.15 


30. 16 


30.17 


30.18 


29.40 


30.19 


30.20 


30.21 


30.22 


30.23 


30.24 


30.25 


30.26 


30.27 


30.28 


29.50 . 


30.29 


30.30 


30.31 


30. 32 


30.33 


30. 35 


30.36 


30. 37 


30.38 


30.39 



Station elevation Hb=744 ft. 



215 



Digitized by CjOOQle 




TM 1-235 

49 



ARMY AIR FORCES 



Section III 

WINDS-ALOFT OBSERVATION 

Paragraph 



General 49 

Selection and preparation of theodolite position 50 

Preparation of theodolite for observation 51 

Preparation of pilot balloon for observation 52 

Observing pilot balloon 53 

Recording observation 54 

Determining horizontal distance of pilot balloon 55 

Plotting horizontal projection . 56 

Determining wind direction . 57 

Determining wind speed _ 58 

Determining wind at any altitude 59 



49. General. — a. Principle. — A pilot balloon whose rate of ascent 
is known, by virtue of its free lift and total lift being selected values, 
is released and observed. By means of a theodolite, the elevation 
angle and azimuth of the balloon’s position are observed every minute. 
From the elevation angle and the known height of the balloon at each 
minute, the horizontal distance of the balloon from the theodolite is 
computed. The horizontal distance out, together with the azimuth, 
determine the horizontal projection of the balloon’s position for any 
minute, and this projection is plotted on a plotting board for each 
minute of the observation. The horizontal movement of the balloon, 
which is the same as the wind at the elevation of the balloon, is found 
by noting the direction and distance from point to point. 

b. Procedure. — (1) The several parts of the winds-aloft observation 
are accomplished in the following order: 

(a) Observing the weather data for Form No. 201. 

(b) Setting up the theodolite. 

(c) Inflating the balloon. 

(d) Releasing the balloon. 

(e) Observing the balloon, and recording the theodolite readings 
for each minute of the observation. 

(/) Replacing the theodolite. 

( g ) Computing the balloon’s horizontal distance out, for each 
minute. 

( h ) Plotting the horizontal projection. 

(i) Determining the wind direction for each minute. 

( j ) Determining the wind speed for each minute. 

( k ) Completing form 201. 

(/) Preparing forms and instruments for the next observation. 
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(2) Ordinarily, the winds-aloft observation is taken by two men, 
an observer and a recorder. The direct-observation portion of the 
winds-aloft observation is accomplished by the observer; the record- 

WAR DEPARTMENT 

U. a. •IQNAL CORPS, METEOROLOQIOAL MRVIOC 



PILOT BALLOON ASCENSION REPORT 



Station . Date J Starting time 

Aaceneion number Number of theodolites used Time used th meridian 




Figure 126.— Pilot-balloon ascension report 
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in g and computation are accomplished by the recorder. The observer 
prepares the theodolite and the balloon while the recorder observes 
the weather and enters that data required on Form No. 201. At 
stations where head-set telephones permit communication between 
the observation point and the plotting board, the recorder notes the 
readings taken by the observer and computes the winds aloft while 
the observation is in progress. Where telephone communication 
does not permit such an arrangement, the recorder records the ob- 
server’s readings at the theodolite, and accomplishes the computations 
after the observation proper is complete. In this case the observer 
assists the recorder in computation of the observation after the theod- 
olite is put away. 

c. Pilot-balloon ascension report. — The complete data of the winds- 
aloft observation are recorded on Signal Corps Form No. 201, “Pilot 
Balloon Ascension Report.” Entries made on Form No. 201 are made 
according to the following instructions: 

(1) Page. — Each observation starts on a page numbered 1. In 
some cases the complete observation cannot fit on one page. In such 
cases the observation is continued on a page numbered 2. If for some 
reason an observation is too short, and a longer observation is possible, 
a second observation is taken and recorded on the same page if it is 
taken shortly after the first attempt. It is then recorded on the right- 
hand half of the form. 

(2) Station . — The station as indicated on this form should exclu- 
sively identify the station, e. g., Chanute Field, Illinois, or Langley 
Field, Virginia. 

(3) Date. — The date will be given by month, day of the month, and 
year. 

(4) Starting time. — The time of release of the balloon is entered, to 
the nearest whole minute on a 24-liour clock, local standard time. 

(5) Ascension number. — The ascension number is one greater than 
the previous ascension number at the same station. The number 
indicates how many winds-aloft observations have been taken at the 
station, and serves as an identification of the observation. If a second 
or third observation is made immediately after a previous, inadequate 
observation, and the intervening time is half an hour or less, the 
several attempts are considered part of one observation and bear the 
same ascension number. 

(6) Number of theodolites used - Except in the case of two theodolite 
observations, the number of theodolites used is “1.” 

(7) Time used. — The meridian of the local standard time used is 
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entered. Thus, at Scott Field 90tli meridian time is the local standard 
time, and at Mitchell Field local standard time is that of the 75th 
meridian. 

(8) Observation point. — At stations where any of several observation 
points may be used, each point is designated by a letter — A, B, C, etc. 
The point used is indicated by the entry of the appropriate letter on 
Form No. 201. 

(9) Altitude. — The altitude is the height in feet of the eyepiece of 
the theodolite above sea level. It is indicated to the nearest whole 
foot. 

(10) Zero setting. — The zero setting is a record of the readings of 
the elevation and azimuth angles made prior to the start of the ob- 
servation, while the instrument is sighted on one of the station refer- 
ence points. 

(11) Elevation angle. — For each minute the elevation angle, as read 
from the theodolite, is entered to the nearest tenth of a degree. 

(12) Azimuth angle. — For each minute the azimuth angle, as read 
from the theodolite, is entered to the nearest tenth of a degree. 

(13) Distance from observation point. — The horizontal distance of 
the balloon from the observation point is indicated as computed for 
each minute. The distance is expressed in yards to the nearest 10 
yards. 

(14) Wind direction. — (a) The wind direction is usually entered on 
the basis of a 36-point scale, and any number from 0 to 36 may be 
entered for any minute in the direction column. The zero (0) is used 
when there is no air movement; 36 indicates a north wind (360°); 14 
indicates a wind from 140°. The use of a 36-point direction scale is 
indicated by the entry of “0 — 36 ’ 1 in the column heading. 

(6) When a 64-point wind direction scale, corresponding to 64 points 
of the compass, is used, this fact is indicated at the head of the wind direc- 
tion column by the entry of “0 — 64.” In this case “64” would repre- 
sent a north wind; “20” would indicate an east-southeast wind; “40” 
would represent a southwest wind. 

(15) Wind speed. — The wind speed is indicated for each minute of 
the observation to the nearest mile per hour. 

(16) Observer. — The grade and name of the observer are indicated. 

(17) Recorder. — The grade and name of the recorder are indicated. 

(18) Base line and base-line azimuth. These spaces are left blank 
ui single theodolite winds-aloft observations. 

(19) “ Disappearance due to The cause of termination of tin* ob- 
servation is indicated. The balloon may be lost from sight due to 
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“distance” if it is 10,000 yards from the observation point. Other- 
wise the reason for disappearance may be “smoke,” “entering base 
of Cu,” “entering side of cloud,” “obscuring by Fs,” “burst,” “vibra- 
tion of theodolite,” etc. When the pilot balloon is still visible after 
the observation has lasted 25 minutes, and there is no requirement 
for winds at higher elevations, the observation may be terminated, 
and the word “abandoned” entered in the space for cause of disap- 
pearance of the balloon. 

(20) Weight of balloon . — The weight of the balloon is recorded to the 
nearest hundredth of an ounce. When a lantern is to be tied to a bal- 
loon for a night observation, the sum of the weights of the balloon, 
string, and lantern is entered. 

(21) Free lift. — The free lift of the inflated balloon is indicated to 
the nearest hundredth of an ounce. 

(22) Total lift. — The total lift of the balloon is entered to the near- 
est hundredth of an ounce. This is the sum of the weight of the 
balloon (plus lantern) and the free lift. 

(23) Clouds. — The number of tenths of each type of cloud visible 
and its direction of motion are recorded here. Upper clouds (cirrus, 
cirrocumulus, cirrostratus) are recorded in the first two lines; middle 
clouds (altocumulus, altostratus) are recorded on the third and fourth 
lines; low clouds (stratocumulus, stratus, nimbostratus, cumulus, 
cumulonimbus) are recorded on the last two lines of the cloud space. 
Standard abbreviations are used for the cloud types. The direction 
from w r hich the clouds are moving is indicated to the nearest of the 
eight points of the compass. 

(24) Sun. — The appearance of the sun to the observer is recorded. 
Ordinarily an unobscured sun is recorded as “bright.” It may be 
“very bright.” When the sun is obscured or dimmed by atmospheric 
phenomena, indication is made of the obscuring, e. g., “Sun obscured 
bv St.,” “Sun smoky,” etc. 

(25) Visibility. — The visibility is indicated in miles (and fractions 
of a mile w r hen less than throe miles). 

(26) Temperature. — The temperature of the air is indicated to the 
nearest tenth of a degree, Fahrenheit 

(27) Pressure. — The sea-level pressure is indicated as computed to 
the nearest hundredth of an inch of mercury. 

(28) Humidity. — The relative humidity is indicated to the nearest 
whole percent. 

(29) Surface urind , direction. The direction of the surface wind is 
expressed according to the same scale as are the wind directions aloft. 
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The surface-wind direction is determined from the 10-second reading 
of the azimuth angle. 

(30) Surface wind, velocity. — The speed of the surface wind is indi- 
cated in miles per hour. At stations equipped with anemometers, the 
wind speed is taken from the anemometer reading. When an anemom- 
eter is not available, the surface wind speed is computed from the 
10-second elevation angle. 

(31) Tables . — The tables ordinarily in use are those for a rate of 
rise of 200 yards per minute. When these are used, this rate of rise is 
indicated. When tables are not used, indication is made by the entry 
of a dash ( — ) in the space for tables. 

(32) T — A. — This entry is omitted. It was originally intended to 
be the rate of ascent as obtained from a time-altitude curve for two- 
theodolite observations. 

(33) Type of balloon . — The type of balloon is indicated by type 
number. The standard types are ML-50, ML-51, and ML-64, 
uncolored, black, and red respectively ; they are approximately 6 inches 
in diameter when un inflated. 

(34) Notes . — Any significant information pertinent to the winds- 
aloft observation that is not entered elsewhere would be noted in this 
space. Weather and obstructions to visibility are the most common 
entries. 

(35) Computer . — The name of the computer is entered in the space 
provided. 

(36) Meteorologist in charge . — The signature or stamp of the weather 
officer or noncommissioned officer in charge of the station is entered 
here and indicates that the report has been checked. 

(37) Teletype report . — At stations whose winds-aloft observations 
are placed on teletype circuits, the teletype message is entered on the 
line immediately above the last. When the rate of ascent is different 
from 200 yards per minute, the observation is recorded on the right- 
hand half of Form No. 201. The derived horizontal distance, wind 
direction, and wind speed are also entered on this half of the page. 

50. Selection and preparation of theodolite position. — a. 
Selection of theodolite position. — The theodolite’s position should be so 
selected as to permit a view of the sky in all directions, with no 
buildings or other obstructions obscuring the sky at an elevation angle 
of more than 6°. The ground (or roof or base) upon which the the- 
odolite stands must be firm so that the instrument does not move. 
At permanent stations, the observation point will, of course, be pre- 
pared more thoroughly than at a temporary station. Alternative 
theodolite positions must be prepared if one position does not present 
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an unobscured view of the sky in all directions. The observation 
point from which the best observation can be taken under existing con- 
ditions is used at any specific observation. 

b. Initial orientation oj theodolite . — (1) By magnetic compass — The 
following steps are taken: 

(a) Place a magnetic compass at the center of the theodolite 
position. 

( b ) Turn the compass so that the line of sight through the eyepiece 
of the compass coincides with the compass needle. This is the direc- 
tion of magnetic north. 

(c) Sight through the eyepiece of the compass and pick a clearly 
defined fixed point some distance away on the line of sight. (If no 
appropriate point appears to the north, turn the line of sight to some 
other definite direction, say south or northwest and choose a prom- 
inent point in that direction.) Make a note of this point. 

(d) Remove the compass, and set up the theodolite so that it is 
level and centered over the previous position of the compass. 

( e ) Determine the magnetic declination for the station from geo- 
detic tables or from a recent navigation map. 

(/) Turn the theodolite so that the reading on the horizontal circle 
is equal to the magnetic declination, if the declination is east, or equal 
to 360° minus the declination if the declination is west. Engage the 
horizontal-tangent screw at this reading. (If a direction other than 
magnetic north has been chosen along which the fixed point is taken, 
the declination is added to the magnetic direction in degrees of the 
selected point, and this angle is the reading required on the horizontal 
circle. If the declination is west, it is subtracted from the magnetic 
direction in degrees, and the required horizontal-circle reading is thus 
obtained.) 

(g) With the horizontal-tangent screw undisturbed and the base 
plate unclamped and vertical-tangent screw free to turn, the theodo- 
lite is pointed at the fixed point. The base plate clamp is locked. 
The base-plate slow-motion screw is used to center the fixed point in 
the field of view. The horizontal-circle reading is checked to see that 
it has not changed. The theodolite is now oriented with the zero 
reading on true north. 

(2) By the sun. — (a) At true solar noon, the sun is on the meridian, 
i. e., the north-south line through the station. The theodolite maybe 
oriented by sighting on the sun at true solar noon. True solar time 
is determined by correcting local standard time. If the local standard- 
lime meridian is west of the station, 4 minutes of time are added to 
the local standard time for each degree of difference of longitude 
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between the station and the standard meridian. If the standard meri- 
dian is east of the station, 4 minutes per degree difference in longitude 
are subtracted from the local standard time. The time thus obtained 
is local mean time. 

(b) To convert local mean time to true solar time, account must 
be taken of the annual variation of length of the day. This variation 




is described by the equation of time which indicates the correction 
to be applied to local mean time to obtain true solar time for any 
date. In the graph of the. equation of time as shown in figure 126, 
for dates where the curve has a positive ordinate, the correction is 
added to the local mean time; where the ordinate is negative, the 
correction is subtracted from the local mean time. The time thus 
obtained is true solar time. At 12:00 noon, true solar time, the sun 
is on the local meridian, i. e., either north or south. 

(c) The sun is always south of latitude 23^° N. and always north 
of latitude 23^° S. Theodolites are not ordinarily oriented by the 
sun in the tropics (23%° S. to 23K° N.). North of the tropics, the 
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theodolite is initially oriented by the sun by the observer’s engaging 
the horizontal-tangent screw at a reading of 180.0°, and directing the 
theodolite so that the sun is centered in the field of view by varying 
the elevation angle and the orientation of the base plate, using the 
base-plate slow-motion screw if necessary. When the base plate is 
clamped, with the horizontal reading 180.0°, and the sun centered in 
the field of view at true solar noon, the theodolite is properly oriented. 
South of the tropics, the procedure is the same except that the hori- 
zontal tangent screw is engaged at a reading of 0.0°. 

(d) When the theodolite is directed at the sun, care must be taken 
that the objective lens is covered by smoked glass or overexposed 
film. 

(3) By the position oj Polaris . — (a) The star, Polaris^ is very dose to 
true north. However, its position relative to the earth varies slightly 
with time. The variation of the position of Polaris from true north 
has been determined accurately, so that when tables of corrections 
for the variation of Polaris are used, true north may be determined 
accurately from Polaris’ position. Table VII is a table of the varia- 
tion of Polaris from true north, computed for several times during 
the first of each month for various latitudes. A correction that 
applies at a given time on any one day will apply 3.93 minutes earlier 
the next day and 3.93 minutes still earlier the next day after that, etc. 
Thus, one can determine from the tables the time at which any of the 
tabulated corrections will apply on any day of the year. Thus, on 
February 1, the variation at Bismarck, North Dakota, 46°47' N., 
100°38' W., is +1.5 at 10:54 PM, true solar time (Polaris west of 
north). On February 11, the variation at Bismark is +1.5 at 10:54 
PM minus 10X3.93 minutes, or at 10:15 PM, true solar time. In 
order to use this information in orienting the theodolite, the equivar 
lent local standard time must be determined. First, the true solar 
time is converted to local mean time by use of the equation of time. 
On February 11, it appears from figure 126 that — 

True solar time— -local mean time = — 14 min. 

True solar time=10:15 PM 

10:15 PM— local mean time = — 14 min. 

Local mean time= 10:01 PM 

(6) Secondly, local mean time must be converted to local standard 
time. Local standard time at Bismark is 105th-meridian time. 
Local mean time exceeds local standard time by 4° for each degree of 
longitude that the station lies east of the standard meridian. Thus, 
local mean time at Bismark, 100°38' W., which is 4°22' east of the 
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standard meridian, is 17 minutes later than 105th-meridian time. 
The standard time corresponding to local mean time on February 11 
must be 10:01 PM— 17 minutes, or 9:44 PM At 9:44 PM, local 
standard time, the variation of Polaris from true north at Bismark, 
North Dakota, is +15. 



Table VII. — Variation of Polaris from north 
[When sign is plus, Polaris is west of north. Not to be used after Jan. 1, 1966] 

Change per day— 3.93 min. North latitude 



Date and time 


26° 

and 

less 


30° 


36° 


40° 


46° 


60° 


66° 


60° 


66° 


70° 


Jan. 1 


Feb. 1 


Mar. 1 


o 


• 


• 


• 


o 


o 


o 


o 


o 


o 


6:58P 


4:56P 


3:05P 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


9:57P 


7:65P 


6.-04P 


+ 0.8 


+ 0.8 


+0.9 


+1.0 


+1.1 


+1.2 


+1.3 


+1.5 


+1. 8 


+2.2 


1:01A 


10:54P 


9:04P 


+1.1 


+1. 2 


+1. 3 


+1.4 


+1.5 


+1.6 


+1.8 


+2.1 


+2. 5 


+3.0 


4.U0A 


1:58 A 


12:07A 


+ 0.8 


+ 0.8 


+ 0.9 


+0.9 


+1.0 


+1.1 


+1.2 


+1.4 


+1.6 


+2.1 




4:57A 


3:07A 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




0.0 


0.0 




9:59A 


7:57A 




-a 8 




-0.9 




- 1.0 


-1.1 


-1.2 


-1.4 


-1.6 


-2.1 


12:59P 


10:56A 


■ k iVv 


-1.1 


-1.2 


-1.3 


-1.4 


-1.5 


-1.6 


-1.8 




-2.4 


E&l 


3:58P 


1:56P 


12:05P 


- 0.8 


- 0.8 


-0.9 




-1.1 


-1.2 


-1.3 


-1.5 


-1.8 


-2.2 


Apr. 1 


Mayl 


June 1 






















mm 


11:05A 




m 


MB 




MB 


0.0 




0.0 




0.0 


0.0 




2:04P 


12:03P 


+0.8 


+0.8 


+0.9 


+1.0 


+1-1 


+1.2 


+1.3 


+1.5 


+1.8 


+2.2 


7:02P 


5:04 P 


3:02P 


+1.1 


+1.2 


+1.3 


+1.4 


+1.5 


+1.6 


+1.8 


+2.1 


+2.5 


+3.0 


10:01 P 


8:03P 


6:02P 


-0.8 


-0.8 


-0.9 


-0.9 


-1.0 


-1.1 


-1.2 


BSI 


-1.6 


-2.1 


1:05 A 


11:03P 


9:01P 


















0.0 






2:06 A 


12:05A 




-0.8 






-1.0 


-1.1 


-1.2 


MM 


-1.6 


-2.1 




5:06 A 


3:04 A 


-i.i 


-1.2 


-1.3 


-1.4 


-1.5 


-1.6 


-1.8 


-2.0 


-2.4 


BSI 


Hill 


8:05A 


6:04 A 




-0.8 


-0.9 




-1.1 


-1.2 


-1.3 


-1.5 


-1.8 


-2.2 


July 1 


Aug. 1 


Sept. 1 






















7:06A 


5:05A 


3:03A 


















0.0 


0.0 


10:05A 


8:04A 


6:03A 


+0.8 


+ 0.8 


+0.9 


+1.0 


+1.1 


+1.2 


+1.3 


+1.5 


+1.8 


+2.2 


1:05P 


11:04A 


9:02 A 


+1.1 


+1.2 


+1.3 


+1.4 


+1.5 


+1.6 


+1.8 


+2-1 


+2.5 


ESI J 


4:04P 


2:03P 


12:02P 


+0.8 


+0.8 


+0.9 


+0.9 


+1.0 


+1.1 


+1.2 


+1.4 


+1.6 


+2.1 


7:04P 


5:03P 


3:01P 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




0.0 


0.0 


0.0 




8:02P 






-0.8 








-1.1 


-1.2 


-1.4 


-1.6 


-2.1 




11.-02P 




-1.1 


-1.2 


-1.3 


-1.4 


-1.5 


-1.6 


-1.8 




-2.4 


-3.0 


4.06A 


2:05A 


12:04A 










-1.1 


-1.2 


-1.3 


-1.5 


-1.8 


-2.2 


Oct. 1 


Nov. 1 


Dec. 1 






















1:06A 




9:02P 










0.0 






0.0 




0.0 


4:05A 




12:05A 


-0.8 




-0.9 


- 1.0 


-1.1 


-1.2 


-1.3 


-1.5 


- 1.8 


-2.2 


7$5A 




3:05A 


-1.1 


-1.2 


-1.3 


-1.4 


-1.5 


-1.6 


-1.8 


-2.1 


-2.5 


-3.0 


10:04A 




6:04A 




E*i|J 






+1.0 


+1.1 


+1.2 


+1.4 


+1.6 


+2.1 


1.04P 


11.-02A 


9:04 A 




BBjYjn 






0.0 


■Mail 


0.0 


■n] 


0.0 




4:03P 




12:03P 


-0.8 








-1.0 


-1.1 


-1.2 


-1.4 


-1.6 


-2.1 


7:03P 




3:03P 


-1.1 


-1.2 


-1.3 


-1.4 


-1.5 


-1.6 


-1.8 


-2.0 


-2.4 






8:01P 


6.-02P 


- 0.8 




-a 9 


-1.0 


-1.1 


-1.2 


-1.3 


-1.5 


-1.8 


-2.2 



(c) The azimuth of Polaris is determined from the variation. If 
the variation is negative (east), the azimuth of Polaris is equal to the 
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variation; if the variation is positive (west), the azimuth of Polaris is 
equal to 360° minus the variation. 

( d) The theodolite is initially oriented by engaging the horizontal- 
tangent screw at the reading equal to the azimuth of Polaris at the 
time, and centering Polaris by varying the angle of elevation and the 
orientation of the base plate, using the base-plate slow-motion screw 
for a fine adjustment. When the base plate is clamped, with the 



* 

★ 



* 

* * * ★ 

URSA MAJOR 



* POLARIS 

Figure 127. — Ursa Major and Polaris. 

horizontal-circle reading equal to the azimuth of Polaris at the time, 
and Polaris centered in the field of view, the theodolite is properly 
oriented. Figure 127 shows the position of Polaris relative to the 
constellation Ursa Major (the big dipper). 



N 



OBSERVATION POINT 1 




OBSERVATION POINT 2 . 

O 0+180° 



Figure 128.— True north by transference. 



(4) By transference. — (a) Orientation of the theodolite by trans- 
ference is the orientation of a theodolite at one position, given the 
proper orientation at another position. From figure 128 it may be 
seen that the azimuth of the second position taken at the first, differs 
by 180° from the azimuth of the first position taken at the second. 

(6) The orientation is accomplished by directly obtaining the 
azimuth of the new position taken at the position whose orientation 
is known. If this azimuth is greater than 180°, 180° is subtracted 
from it; if this azimuth is less than 180°, 180° is added to it. The 
resulting value is the azimuth of the old position from the new one. 
The theodolite is properly set up and leveled at the new position, and 
the horizontal-tangent screw is engaged at a reading equal to the 
value of the azimuth of the old position from the new one. By 
varying the orientation of the base plate and the value of the angle of 
elevation, using the base-plate slow-motion screw for a fine adjust- 
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ment, the theodolite is so directed as to have the old theodolite position 
centered in the field of view. When the base plate is clamped, with 
the horizontal-circle reading equal to the azimuth of the old position 
taken at the new one, and the old position centered in the field of view, 
the theodolite is properly oriented. 

c. Reference points jor theodolite position . — To permit rapid 
orientation of the theodolite when setting it up for an observation, 
reference points are determined for each theodolite position. A refer- 
ence point must be a clearly defined, fixed point. A distant point is 
more desirable as a reference point than a nearby one because it 
permits greater accuracy in orienting the theodolite. Several refer- 
ence points should be established for each theodolite position, to 
provide alternates in the case of one being obscured. Special refer- 
ence points must be established for nighttime orientation. The 
azimuth and the angle of elevation of each reference point are noted 
from the scale readings when the theodolite is initially oriented. Such 
azimuth readings are determined for each reference point for each 
theodolite position. These readings are posted in a convenient place 
in the station, and a record is kept of them in the files. 

d. Instrumental installations . — Wherever possible, the theodolite 
positions should have telephone connection to the plotting board, and 
lighting equipment for observations during darkness. Provision for 
a special theodolite base at permanent stations is desirable. 

51. Preparation of theodolite for observation. — a. Setting up 
theodolite . — Where a permanent theodolite base is available, setting 
up of the theodolite is accomplished by placing the feet of the tripod 
in a set of prepared holes or stays. Where there is no prepared 
theodolite base, care must be taken that the theodolite is — 

(1) Centered over the center of the theodolite position. 

(2) Stable, not liable to fall over when disturbed. 

(3) Level. 

b. Leveling theodolite. — (1) Theodolite with jour leveling screws . — 
Turn the head of the theodolite so that each level on it is parallel to 
an imaginary line connecting two diagonally opposite leveling screws. 
Turn the leveling screws in diagonally opposite pairs in such a manner 
as to level one of the levels and then the other. Keep the screws 
turned so as to prevent the theodolite head from rocking on the 
leveling screws. When the bubbles in both of the levels have been 
centered, turn the theodolite head around and check to see that the 
levels indicate that the instrument is level in whatever direction it is 
turned. 
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(2) Theodolite with three leveling screws . — Turn the head of the 
theodolite so that the standard level is parallel to a line connecting 
two of the leveling screws. Turn either or both of these screws until 
the bubble is centered in the standard level. Turn the third leveling 
screw until the other level, the plate level, is also horizontal. Check 
the standard level. If the bubble has been displaced from the 
center, recenter it; recenter the bubble in the plate level if necessary. 
When both bubbles are centered in their respective levels, the head 
of the theodolite is turned 90° about the vertical axis to check the 
leveling further. If the bubbles remain centered, the theodolite is 
level. 

c. Orienting theodolite . — After the theodolite has been leveled, the 
instrument is oriented by engaging the horizontal- and elevation- 
tangent screws so that the horizontal- and vertical-circle readings are 
equal to the readings of an appropriate reference point. The head of 
the theodolite is turned with the base plate so that the reference 
point is centered in the field of view, the base-plate slow-motion 
screw being used for a fine adjustment. When the base plate is 
clamped, with the reference point centered on the crosshairs, and the 
elevation and azimuth angles reading the same as prescribed for the 
given reference point, the theodolite is properly oriented. 

62. Preparation of pilot balloon for observation. — a. Care 
of balloons and hydrogen . — (1) Pilot balloons should be kept in a cool, 
dry, dark place, well covered with talc. They are thus protected 
from deteriorating in storage. Before a balloon is to be used for an 
observation, it should be warmed uniformly by being kept inside one’s 
blouse for a few minutes, or by rubbing with the hands. A balloon 
should be released shortly after it has been inflated. 

(2) Hydrogen is stored in steel cylinders, each containing the 
equivalent of 180 to 200 cubic feet of hydrogen at standard pressure. 
This amount of gas is sufficient to inflate twenty to twenty-five 6-inch 
piJot balloons. The hydrogen cylinders must be kept in a well- ven- 
tilated place; the ventilation must provide for removal of any hydrogen 
which might collect at the ceiling. The cylinders must be protected 
from excessive heat. Smoking or the lighting of matches or candles 
must not be permitted in any enclosed storage place for hydrogen 
cylinders. 

b. Free lift and rate of ascent of pilot balloon. — (1) The free lift of 
a balloon is the upward force on it due to its being lighter than the 
surrounding air. The total lift of a balloon is the sum of its free lift 
and the weight of the balloon and any attachment to it. These are 
expressed in ounces to the nearest hundredth. The weight of the 
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standard 6-inch pilot balloon is 1.06 ounces. Slight differences from 
this weight are inconsequential to the rate of rise of the inflated 
balloon. Unless a balloon other than the standard 6-inch balloon is 
used, its weight is noted as 1.06 ounces. 

(2) The relation between the rate of ascent and the total lift and 
free lift is given by the formula: 

a= 

where A = rate of ascent in yards per minute. 

F=free lift in ounces. 

T= total lift in ounces. 

(3) For a standard pilot balloon with a free lift of 4.66 ounces, the 
rate of ascent is 200 yards per minute above the turbulent air which 
is near the ground. In the turbulent layer, the rate of rise is 240 yards 
per minute during the first minute, 220 yards per minute during the 
second minute, 220 yards per minute during the third minute and 
210 yards per minute during the fourth and fifth minutes. Ordinarily, 
by the end of the fifth minute the balloon is above the turbulent layer 
and rises 200 yards per minute. 

(4) Balloons having different rates of ascent than 200 yards per 
minute also rise more rapidly than the calculated rate of ascent while 
they are in the turbulent air in the first thousand yards above the 
earth’s surface. The excess rate of rise in the turbulent layer, in 
any case, is proportional to the excess rate of rise for the standard 
balloon in the turbulent layer. 

c. Selection of pilot balloon . — Pilot balloons of three colors are in 
use in the Weather Service. They are the ML-50, uncolored, the 
ML-51, black, and the ML-64, red. The uncolored balloon is best 
used when the sky is clear; the black balloon is most suitable for cloudy 
skies; the red balloon is desirable for use when the sky is partly 
cloudy, when the clouds are thin, or when haze is present. 

d. Inflating pilot balloon . — The apparatus for inflating the pilot 
balloon consists of a rubber hose, on one end of which is a coupling 
which connects it to the hydrogen cylinder, and on the other end of 
which fits a hosecock that weighs 4.66 ounces. The following in- 
structions govern the inflation of the pilot balloon: 

(1) Fasten the balloon to the wide end of the hosecock by means 
of two small rubber bands. 

(2) With the jet of the hosecock open, expel all the air from the 
balloon by compressing the balloon in your hands, and then close 
the jet of the hosecock. 
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(3) Open the valve of the hydrogen cylinder, to which is attached 
the rubber hose, long enough to expel any air that may be in the hose; 
then close the valve. 

(4) Insert the smaller end of the hosecock into the free end of 
the rubber hose and open the jet of the hosecock. 




(5) Open the valve of the hydrogen cylinder and permit the hydro- 
gen to fill the pilot balloon. Shut the valve when sufficient hydrogen 
is in the balloon to sustain or slightly lift the balloon and the hosecock. 

(6) Shut the jet of the hosecock, and remove the hosecock from the 
hose. 

(7) If the balloon and hosecock tend to settle, insert the hosecock 
into the free end of the hose, open the jet, and by opening the valve 
of the hydrogen cylinder permit sufficient hydrogen to flow into the 
balloon to sustain or lift the balloon and hosecock. 
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(8) If the balloon and hosecock tend to rise, open the jet of the 
hosecock to permit sufficient hydrogen to escape until the balloon 
and hosecock tend to float in the air without rising or settling. 




(9) When the balloon has been properly inflated, twist the neck of 
the balloon several times so that it doubles on itself. Remove the 
hosecock from the balloon’s mouth. Tie the mouth of the balloon 

231 



Digitized by v^ooQle 




TM 1-235 

52-53 



ARMY AIR FORCES 



by passing the rubber bands several times around the twisted neck 
of the balloon. The balloon is then ready for the observation. 

e. Balloons for n ight observations . — The night observation is accom- 
plished by attaching a paper lantern to the balloon and using the 
lantern as a target for the theodolite. The candle is fastened to the 
bottom of the lantern by a drop of melted wax, or by an ordinary pin 




Figure 131. — Pilot balloon with lantern attached. 

or thumbtack sticking vertically through the bottom of the lantern 
into the candle. A cord, 4 feet long, is used to tie the top of the 
lantern to the neck of the balloon. When the balloon is being inflated, 
the lantern, including the candle and string, are attached to the small 
hook on the hosecock, and the balloon is so inflated as barely to 
sustain the hosecock and complete lantern. When everything is in 
readiness for the observation, the observer lights the candle, taking 
can* that the lantern does not catch fire. 

53. Observing pilot balloon. — a. Timing . — When the theodolite 
has been oriented and the balloon properly inflated, and both the 
recorder and the observer are at their posts ready to take the winds- 
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aJoft observation, the recorder consults his watch. He calls “Ready” 
when the second hand indicates 55 seconds, and “Release” when the 
second hand indicates the even minute. When the second hand 
indicates 5 seconds, the observer calls “Warning,” and at 10 seconds 
he calls “Read.” Whenever, thereafter, the second hand indicates 
55 seconds, the recorder calls out “Warning,” and at the even minute 




Figure 132. — Sighting the balloon through the gunsights. 



he calls out “Read.” At some stations, a buzzer clock is available 
which buzzes at alternating intervals of 55 seconds and 5 seconds. 
These buzzes are used as the warning and reading signals, respectively. 

6. Releasing balloon . — When the recorder calls “Release,” the 
observer releases the balloon. The observer must take care that the 
balloon does not strike any nearby object. In the case of an observa- 
tion during darkness, it is necessary that the balloon and lantern be so 
released as not to cause the lantern to be jerked and the lighted candle 
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extinguished or the lantern set afire. Special care is necessary when 
the wind is fresh or gusts are occurring. 

c. Sighting balloon with gunsights . — As soon as he releases the 
balloon, the observer disengages the horizontal- and the vertical- 
tangent screws and turns the theodolite in the general direction of the 
balloon. When the recorder calls the 5-second ‘Varning,” the- ob- 
server sights along the gunsights and turns the theodolite about its 
vertical and horizontal axes so that the gunsights are aimed directly 




Figure 133. — Observing the pilot balloon. 



at the balloon (or lantern). While so aiming the theodolite, the 
observer keeps the telescope steady by so grasping the theodolite 
that the fingers of his right hand are on top of the horizontal circle, 
his thumb underneath the base plate, the fingers of his left hand are 
behind the vertical-circle support, and his left thumb is on the face of 
the vertical circle. 

d. Ten-second reading. — When the recorder calls 4 ‘Read,” 10 seconds 
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after the balloon has been released, the observer reads the elevation 
angle and the azimuth angle aloud, without engaging the tangent 
screws. These readings are made to the nearest tenth of a degree. 

e. Observing pilot balloon . — Having taken the 10-second reading, 
the observer realines the gunsights on the balloon and quickly looks 
into the eyepiece. If the balloon is not in the field of view, the 
observer once more alines the gunsights on the balloon and observes 
through the eyepiece for the balloon. When the balloon appears in 
the field of view, the observer carefully engages the tangent screws one 
at a time and continues to keep the balloon at the center of the field 
of view by manipulating the tangent screws. 

f. Reading elevation and azimuth angles. — (1 ) Each minute, when the 
recorder calls “read,” the observer reads the elevation angle and the 
azimuth angle aloud in that order. When the balloon is changing 




&eac///7p - 5&.4 * 

Figure 134. — Elevation-angle reading from vernier. 



direction rapidly, it may be necessary for the observer to look into the 
theodolite to recenter the balloon after reading the elevation angle 
and before reading the azimuth angle. This is to prevent his losing 
sight of the balloon. 

(2) The angles are observed to the nearest tenth of a degree. On 
theodolites with micrometer-type tangent screws, the number of 
tenths indicated by the vertical-circle tangent-screw micrometer 
drum is added to the whole degrees indicated by the direct reading 
of the vertical circle, to obtain the angle of elevation. Similarly, 
the number of tenths indicated by the horizontal-circle tangent-screw 
drum is added to the whole degrees of the direct horizontal-circle 
reading to obtain the azimuth angle. 

(3) On theodolites equipped with verniers, the readings are obtained 
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directly from the vertical circle and its vernier, and from the front 
horizontal circle and its vernier. 

(4) In reading the angles, the observer calls them out digit by 
digit, indicating the decimal point by “point.” Thus, 136.2 would be 
read as “one three six point two,” and 3.0 would be called out as “three 
point zero.” 

g. Conclusion oj observation . — The observation of the pilot balloon 
is concluded by the disappearance of the balloon or by its being 
abandoned. When the balloon is still visible, it may be abandoned 
if all the local purposes of the observation have been accomplished 
and the observation has lasted 25 minutes. 




Figure 135 .— Azimuth-angle reading from vernier. 

h. Replacing theodolite . — When the observation has been completed, 
the observer rechecks the leveling and orientation of the theodolite. 
The orientation is checked by sighting the instrument on the chosen 
reference point and reading the elevation and azimuth angles. These 
readings should be the same as the original zero setting at the time of 
starting the observation. The theodolite is then returned by the 
observer to its place of regular storage. 

54. Recording observation. — The recorder writes the angle 
readings in the appropriate spaces as the observer reads them. The 
10-second readings are entered on the right margin. He should notice 
any peculiar readings and require checks on them. If the rate of 
ascent is different from 200 yards per minute, all the data are entered 
on the right-hand side of Form No. 201. 

55. Determining horizontal distance of pilot balloon. — 
Several methods may be used to compute the horizontal distance of 
the pilot balloon from the observation point, using the angle of eleva- 
tion and the height of the balloon. 

a. Tables . — When the regular rate of ascent of the pilot balloon is . 
200 yards per minute, the horizontal distance of the pilot balloon is 
determined most readily from tables of Circular 8-14, Office of the 
Chief Signal Officer. In this circular, each table, printed on two 
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pages facing each other, corresponds to the altitude of the pilot balloon 
at each of the first 30 minutes of ascent of the balloon under standard 
conditions. The horizontal distance of the balloon at any minute is 




found on the table corresponding to that minute, on the line corre- 
sponding to the number of whole degrees of the angle of elevation, and 
m the column corresponding to the number of tenths of a degree in the 
decimal part of the angle of elevation. This distance is given in 
yards. 
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b. Plotting board . — The horizontal distance of the pilot balloon 
may be determined graphically on the lower left-hand comer of 
plotting board ML-55. The ordinate of the grid on ML-55 is the 
altitude of the balloon, and the abscissa is the horizontal distance. 
The angle of elevation is indicated by the figure on the outside of the 
protractor-circle quadrant printed on the lower left-hand portion of the 
plotting board. The procedure in determining the horizontal distance 
of the balloon is: 

(1) Orient the brass rule so that the edge passing through the center 
peg also passes through the value of the angle of elevation, on the 
outside angular scale in the lower-left quadrant of the plotting board. 

(2) Find the altitude of the balloon on the right-hand edge of the 
grid, and find the point where the horizontal line through that altitude 
intersects the edge of the brass rule passing through the center peg. 

(3) Follow the ordinate through that point upward to where it 
intersects the topmost line of the grid, and read the horizontal distance 
corresponding to that intersection. 

c. Trigonometric method . — The horizontal distance may be com- 
puted by trigonometry with the use of tables of natural tangents or 
cotangents. The triangle to be solved is: 




Figure 137.— Pilot-balloon trianplc. 



where e = angle of elevation, d = horizontal distance of balloon from 
theodolite station, and h = height of the balloon. 

tan e=h!d cotan e=d!h 

or 

d=h / tan e d=h cotan e 

The horizontal distance of the pilot balloon is computed by dividing 
the height by the value of the tangent of the angle of elevation, or by 
multiplying the height by the cotangent of the angle of elevation. 

d. Slide-rule method . — Different methods are required when the 
angle of elevation is equal to or less than 45° and when the angle of 
elevation is greater than 45°. 

(1) Angle of elevation ^ 5 ° or less. If the angle of elevation e is 45° 
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or less, the horizontal distance of the pilot balloon is computed by 
dividing the height h by the tangent of the angle of elevation. This 
division is accomplished by setting the indicator at the value of the 
height of the balloon on the D scale, and then moving the T (tangent) 
scale so that the value of the elevation angle on the T scale coincides 
with the indicator. Next move the indicator to that end of the T 
(tangent) scale which is in the slide rule. The horizontal distance of 
the balloon is given by the reading of the D scale at the indicator. 

(2) Angle of elevation greater than 46 °. — When the angle of elevation 
is greater than 45°, the triangle must be solved differently because the 
tangents of angles greater than 45° do not appear directly on the slide 
rule. The triangle to be solved is: 




Figure 138— Pilot-balloon triangle (elevation angle>45°). 



where e is the angle of elevation and 90 — e is the complement of the 
angle of elevation 

tan (90 — e)=d/h 

d—h tan (90— e) 

To determine the horizontal distance of the balloon, it is necessary to 
multiply the height of the balloon by the tangent of the complement 
of the angle of elevation. This multiplication is accomplished by 
setting the slide of the slide rule so that one end of the T (tangent) 
scale coincides with the value of the height on the D scale. Next set 
the indicator on the complement of the angle of elevation on the T 
(tangent) scale. The horizontal distance d is then read at the indi- 
cator on the D scale. 
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56. Plotting horizontal projection. — a . The horizontal pro- 
jection of the position of the pilot balloon is plotted on the plotting 
board ML-55 by— 

(1) Setting the brass rule ML-63 so that its direction, as indicated 
by the protractor reading at the edge that passes through the center 
peg of the board, is equal to the azimuth angle. 

(2) Finding the horizontal distance from the center, along the same 
edge of the brass rule, corresponding to the horizontal distance of the 
pilot balloon from the observation point. 

(3) Marking the horizontal projection by placing a small dot on 
the lacquered surface of the plotting board at the exact distance d as 
mdicated along the graduated brass scale ML-63. Move the brass 
scale to one side, draw a small circle, about one-eighth mch in diameter, 
about the point, and number the circle to correspond to the numbered 
minute of the observation. These markings on the plotting board 
should be made in ink with a pen with a rounded point. 

b. The horizontal projection of the balloon’s position is plotted in 
this manner for each minute of the observation. If the horizontal 
distance of the balloon becomes greater than 15,000 yards, and is thus 
too far from the origin to be plotted on the board on the regular scale, 
the projections are plotted at points corresponding to half the actual 
distances. When the speeds are subsequently determined, the speed 
values taken from the projection, where the distances plotted are one- 
half the actual distances, are doubled. If halving the horizontal 
distance does not permit all of the observed positions to be plotted, 
the horizontal distance may be divided by a number larger than 2 
before plotting the horizontal projections of the balloon’s successive 
positions The wind speed directly derived from the plot must, of 
course, be multiplied by the same number to determine the actual 
wind speed. 

57. Determining wind direction. — a. At the surface. — The sur- 
face-wind direction is obtained from the 10-second azimuth-angle 
reading. If the azimuth angle is greater than 180°, subtract 180° 
from it; if the azimuth angle is less than 180°, add 180° to it. The 
resulting figure is the direction of the wind in degrees. To obtain 
the direction of the wind on the 36-point scale, divide the direction in 
degrees by 10. To obtain the wind direction on the 64-point scale, 
multiply the wind direction in degrees by .178. 

b. For any minute except the last minute . — For purposes of computa- 
tion, the wind direction at tlie end of any minute of the pilot-balloon 
observation, except the last minute, is the average wind direction in 
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the 2-minute period from the beginning of the previous minute to the 
end of the succeeding minute. Thus, the wind direction for, say, the 
end of the fourth minute would be the direction of the third-minute 
position from the fifth-minute position because the wind direction is 
the direction from which the balloon is moving. 

(1) On the 36-point direction scale. — (a) When the wind direction is 
required on the 36-point scale, scale type ML-137 is used. In de- 
termining the wind direction for the first minute, lay scale ML-137 
on the plotting board so that the center of the protractor of the scale 
is at the center peg of the plotting board, and the lines running the 
length of the scale are parallel to the north-south lines of the plotting 
board. Determine between which two adjacent radiating lines of the 
protractor the projection of the second-minute position lies. If the 
second-minute position is to the right of the center (east of it), the 
wind direction at the end of the first minute is given by the value 
between the two adjacent lines that is nearer the center of the pro- 
tractor, i. e., the larger number. If the second-minute position is to 
the left (west) of the center peg, the direction is given by the outer 
(the smaller) of the two numbers between the adjacent radiating lines. 
If the second point is too far from the center peg to lie within the 
protractor of the scale, a fine may be drawn from the center peg to 
the second point. 

(6) For any other minute, say the seventh, the direction of the wind 
is obtained by laying the scale on the plotting board so that the center 
of the protractor of the scale lies on the sixtli-minute position and the 
lines along the length of the scale are parallel to the north-south lines 
of the plotting board. Determine between which two adjacent radiat- 
ing lines of the protractor the position of the balloon at the eighth 
minute is indicated. If the eighth point is east of the sixth point, the 
inner (larger) of the two numbers between these lines is the direction 
of the wind at the end of the seventh minute; if the eighth point is 
west of the sixth point, the outer (smaller) of the two numbers between 
these lines fe the direction of the wind. The scale is so constructed as 
to give the wind direction, which is the direction from which the 
balloon is moving. 

(2) On the 64-point direction scale . — When the wind direction is 
required on the 64-point scale, scale type ML-87 is used. In deter- 
mining the wind direction for any minute, lay the scale ML-87 on the 
plotting board so that the center of the scaled protractor is on the 
balloon’s position for the previous minute, and the lines running the 
length of the scale are parallel to the north-south lines of the plotting 
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board. Determine to which of the radiating lines of the protractor 
the point second from that at the center lies nearest. If this point is 
to the right (east) of the point at the center, the wind direction is 
given by the inner (larger) of the two numbers for the line selected; 
if this point is to the left (west) of the point at the center of the pro- 
tractor’s scale, the outer (smaller) of the two numbers on the selected 
line indicates the wind direction. If the second point is out of the 
range of the protractor of scale ML-87, the wind direction may be 
determined by connecting the alternate points of the plot by straight 
lines. 

c. For the last minute . — The wind direction for the end of the last 
minute of the pilot-balloon observation is taken as the average wind 
direction during the last minute. The scale is placed on the plotting 
board with the center of the protractor at the next to the last minute 
so that the lines along the length of the scale are parallel to the north- 
south lines of the plotting board. The direction of the wind is deter- 
mined from the relative position of the last position of the balloon in 
the same manner as from the second following position in the case of 
previous minutes. This applies equally in the cases of the 36-point 
scale and the 64-point scale. 

58. Determining wind speed. — a. At the surface . — Where an 
anemometer is available, the wind speed is taken directly from the 
anemometer. Where no anemometer is available, the surface-wind 
speed is determined from the 10-second reading of the elevation angle. 
The computation consists of determining the number of yards the 
balloon would travel in 1 minute at the rate observed in the first 10 
seconds, and converting this speed to miles per hour by multiplying 
by 0.034. Thus, one need only find the horizontal distance that would 
separate the balloon from the theodolite at 1 minute if the balloon 
then had an angle of elevation equal to the 10-second reading. This 
horizontal distance may be determined by any of the several methods 
already described. Multiplying by 0.034 produces the speed at the 
surface in miles per hour. For example, the 10-second reading of the 
angle of elevation is 25.7°. Determine the surface-wind speed if the 
balloon has the standard rate of rise. The horizontal distance at one 
minute when the angle of elevation is 25.7° is 500 yards. The surface' 
wind speed is 500 (0.034) = 17 miles per hour. 

b. For any minute except the last minute. — (1) For purposes of com- 
putation, the wind speed at the end of any minute except the last 
minute, is the average wind speed during the 2-minute period from 
the be ginning of the previous minute to the end of the succeeding 
minute. Thus, the wind speed for the end of the fifth minute would 
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bo the average speed during the fifth and sixth minutes. This could 
he obtained by finding the distance in miles between the balloon’s 
horizontal projections for the end of the fourth minute and the end 
of the sixth minute, and multiplying that distance by 30 to obtain 
the speed in miles per hour. (Miles /2 min X 30= miles/hour.) 

(2) In practice, the computation is accomplished by using the speed 
scale B of ML-87 or ML-137. Measurement of the speed for any 
minute consists of placing the scale on the plotting board so that the 
scale-B edge connects the horizontal projection of the position at the 
end of the previous minute with the horizontal projection of the suc- 
ceeding minute’s position, the zero of the scale being on the point for 
the previous minute. The number on the speed scale opposite the 
projection of the position for the succeeding minute gives the speed 
for the height represented by the intermediate point in miles per hour. 

In cases where, due to rapid movement or distance of the balloon, 
the horizontal distances are divided by two before the protections are 
plotted, scale A is used in exactly the same manner as described for 
scale B ; otherwise scale B may be used and the speed obtained multi- 
plied by two. If the horizontal distance has previously been divided 
by any other number, the speed must be obtained from scale B and 
multiplied by that number. 

c. For the last minute . — The wind speed for the end of the last min- 
ute is taken from the average speed during the last minute. It is 
obtained by measuring the distance between the last two points of 
the plot, by means of scale A of ML-87 or ML-137, and using the 
value indicated by scale A as the speed in miles per hour. If the 
horizontal distances have been divided by any number before plotting 
the horizontal projections, the speeds obtained from scale A must be 
multiplied by the same number to obtain the true speed. 

59. Determining wind at any altitude. — The wind direction 
and speed at the end of each minute arc those prevailing at the alti- 
tude of the balloon at that time. Thus, from the observation of a 
balloon of standard rate of ascent, the wind at 1,900 yards is the wind 
computed for the ninth minute. To determine the wind at any inter- 
mediate level, interpolation is necessary. Interpolation is accom- 
plished separately for the direction and speed. 

Example : Required — the wind at 2,830 yards. 

Altitude | Direction > Speed 



2700 14 7 

(2830) | 

2900- __j 19 | 24 
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Wind direction: The following proportion is set up: 

2830- 2700 = x 130 * 

2900 - 2700 19-14 " r 200 5 

x =3.25 or 3 

The wind direction at 2,830 yards is 14+3, or 17. 

Wind speed: The following proportion is set up: 

2830 - 2700 = x 130 = x 
2900 -2700 24 -7 or 200 17 

x = 1 1 .05 or 1 1 

The wind speed at 2,830 yards is 7 + 11, or 18 miles per hour. 



Section IV 

WEATHER CODES 

Paragraph 



Winds-aloft code 60 

Code for radiosonde (raob) and airplane (apob) weather observations 61 

Code for transmission of air-mass and frontal analyses (AMAFA) by tele- 
type and radio __ 62 

Weather code, numerical system for land stations 63 

Weather code, numerical system for Caribbean weather stations 64 

Weather code, numerical system of ships at sea 65 

Mexican code for reporting meteorological conditions 66 

Weather code, hourly airway reports as transmitted by teletype and radio, 
or by telegraph and telephone 67 



60. Winds-aloft code. — a. General . — Pilot-balloon observations 
of upper-wind directions and velocities are made 4 times daily at 
approximately 130 strategic locations in the continental United States 
by the U. S. Weather Bureau and by the U. S. military services. 
These observations are made at approximately 5 AM, 11 AM, 
5 PM, 11 PM, 75tli-meridian time (0500, 1100, 1700, and 2300, 
eastern standard time), and with certain exceptions are transmitted 
in code four times daily over the Civil Aeronuatics Administration 
national teletype circuits in regular, designated sequences. In addi- 
tion to the stations mentioned above, the Weather Bureau and others 
also make pilot-balloon observations in Alaska, Canada, Puerto Rico, 
Swan Island, Canal Zone, Cuba, Mexico, Central America, Hawaii, 
certain Pacific islands, and on vessel stations at sea. 

b. Description oj code. — (1) All pilot-balloon observations are 
reported by means of a numerical code in which the direction and 
velocity of the winds at specified altitudes are given by individual 
groups composed of four or five figures each. The figures within a 
group, and the groups within a message, are always arranged in a 
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specified order which facilitates coding and decoding of the observed 
data. 

(2) Complete reports consist of the following: station designator, 
time of observation, surface-wind data, and wind data for standard 
levels above sea level. 

(3) Arranged in symbol form, the order of the symbols in a group, 
and of the groups in a complete message for a land station, is as 
follows rlJiIiGiGi (or IJ 1 G 1 G 1 ) H a DDwDDwH a DDwDDw . . . 
H a DDw H a DDw H a DDw . . . This order is used when the sta- 
tion’s elevation lies from 200 feet below an even standard level (includ- 
ing sea level) to 200 feet below the next higher odd standard level. 

(4) When the station’s elevation lies from 200 feet below an odd 
standard level to 200 feet below the next higher even standard level, 
the order of the symbols and groups is as follows: IJiIi GiGi (or 
hhGiGx) H a DDvv H a DDvv DDvv H a DDw DDvv . . . H a DDw 
HJDDvv H a DDw . . . 

(a) IJiIi (or IJi). — Station designator. It consists of two or three 
letters which are the regular Civil Aeronautics Administration call 
letters for the station at which the observation was taken. Examples: 
OA for Oakland, PEV for Ely. 

(b) GiGi — Time the observation was taken. This is always coded 
as two figures representing the nearest whole hour, 75th-meridian 
time (Eastern Standard Time) , on a 24-hour-clock basis. (Observations 
taken at ship stations, however, are coded using Greenwich civil time 
on a 24-hour-clock basis.) In order that the approximate mean time 
of the observation may be coded, 20 minutes are added to the time 
when the balloon was actually released, and this new time is used for 
all coding and transmission purposes. However, if the total length 
of the observation is less than 20 minutes, only the actual number of 
minutes of the observation will be added to the time of the balloon’s 
release, instead of the 20 minutes otherwise added. Example : Denver, 
Colo., balloon released at 2:12 PM, 105th-meridian time; adding 
20 minutes, the time used for coding is 2:32 PM; the nearest whole 
hour is 3 PM, or 5 PM, 75th-meridian time (Eastern Standard Time). 
This is 1700 on the 24-hour-clock basis, and accordingly the figure 
“17” is used for GiGi. However, if the balloon was observed for only 
14 minutes, the new time used would be 2:26 PM (4:26 Eastern 
Standard Time), the nearest whole hour would be 4:00 Eastern 
Standard Time, and the code figures for GiGi would be “16.” 

(c) H a — Altitude of standard level. The presence or absence of 
specific, identifying code figures is used to identify the particular 

245 



Digitized by CjOOQle 




TM 1-235 

00 



ARMY AIR FORCES 



levels for which data are coded. The figures for code symbol H a are 
always used to identify the particular standard levels listed below: 



H a Level 

0 Surface; 10,000; 20,000; 30,000 feet, etc. 

2 2,000; 12,000 feet. 

4 4,000; 14,000 feet. 

5 25,000; 35,000; 45,000 feet, etc. 

6 6,000 feet. 

8 8,000 feet. 



Identifying code figures are never used to identify the following 
standard levels: 1,000; 3,000; 5,000; 7,000; 9,000; 11,000; 13,000; 
15,000 feet. Wind directions and velocities for levels which are not 
standard levels are never sent. Standard levels occur at 1,000-foot 
intervals from sea-level up to and including 15,000 feet. Above 
15,000 feet the standard levels occur at 5,000-foot intervals (20,000; 
25,000; 30,000; 35,000 feet, etc.). When the altitude of a station is 
less than 200 feet below a particular standard level, the wind data for 
that particular standard level will be omitted from the coded report, 
but data for all higher standard levels will be included. For example, 
where the elevation of the theodolite platform is 1,820 feet above sea 
level, it is less than 200 feet from the 2,000-foot standard level, and, 
accordingly, the first standard level above the surface for which wind 
data are coded is the 3,000-foot level and not the 2,000 foot level. 
However, if the elevation of the theodolite platform at a station is 
exactly 1,800 feet (or below 1,800 feet) the observed wind data for the 
2,000-foot standard level will be included in the coded report. Obvi- 
ously, a coded report should not have wind data for standard levels 
below the elevation of a station, nor data for standard levels above the 
observed ascent of the balloon. However, when the maximum ob- 
served altitude of a balloon ascent is only a short and specified distance 
below a standard level, the data observed at this maximum altitude, 
for coding purposes, are presumed to exist also at the next higher 
standard level, and are coded as though they were actually observed 
at the next higher standard level. Whenever the maximum observed 
altitude is 300 feet, or less, below any standard level up to and includ- 
ing 15,000 feet, the data for such maximum altitude will be coded for 
the next higher standard level. Whenever the maximum observed 
altitude is 1,000 feet, or less, below any standard level above 15,000 
feet, the data for such maximum altitude will be coded for the next 
higher standard level. When the maximum altitude observed is 
more' than 300 feet below any standard level up to and including 
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15,000 feet, or is more than 1,000 feet below any standard level above 
15,000 feet, the final group in a message will be the data observed at 
the standard level immediately below the maximum observed altitude, 
and a separate group for the maximum altitude data will not be sent. 

(d) DD — Wind direction, which is always coded by two figures.,, 
The true wind direction is coded to 36 points, in which 09 is an east 
wind, 18 is a south wind, 27 is a west wind, and 36 is a north wind. 
Calm is coded by “00.” The actual direction from which the wind is 
blowing, expressed in degrees, is divided by 10 and then coded to the 
nearest whole number, in accordance with the usual rule wherein the 
nearest even number is used when the decimal is exactly five-tenths. 
Examples: 76°=7.6, or 08; 125°= 12.5, or 12; 353°=35.3, or 35. A 
table covering all wind directions is given below. As explained in the 
next paragraph, the coded value for DD is increased by 50 whenever 
the coded velocity is 100 or more miles per hour. 

1 . Direction code . 



Code figure 


Direction in 
degrees 


Code figure 


CO 


Calm 


19 


01 


6- 14 


20 


02 


15- 25 


21 


03 


26- 34 


22 


04 


35- 45 


23 


05 


46- 54 


24 


06 


55- 65 


25 


07 _ . _ 


66- 74 


26 


08 _ 


75- 85 


27 


09 


86- 94 


28 


10 . _ 


95-105 


29 


11 


106-114 


30 


12 


115-125 


31 


13 


126-134 


32 


14 


135-145 


33 


15 


146-154 


34 


16 „ 


155-165 


35 


17 


166-174 


36 


18 


175-185 





Direction in 
degrees 



186-194 
195-205 
206-214 
215-225 
226-234 
235-245 
246-254 
255-265 
266-274 
275-285 
286-294 
295-305 
306-314 
315-325 
326-334 
335-345 
346-354 
355- 5 



2. A simple method whereby a decoder may convert the coded 
figures into points of the compass, N., NNE., E., is illus- 
trated by the diagram below: 
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86 POINT SCALE FOR WIND- ALOFT CHARTS 




(e) w — Wind velocity in miles per hour. This is always coded by 
two figures. 

1 . For observed wind velocities up to 99 miles per hour, the 
actual velocities are coded, using two figures (01, 02, 
03, . . . 99). The code figures “00” are used when 
there is no velocity (calm), i. e., when the velocity is 
less than 1 mile per hour. Whenever the velocity is 
coded as “00” the direction is always coded as “00” 
also. 

£. For observed wind velocities of 100 to 199 miles per hour, 
the actual velocity is reduced by 100 and the remainder 
coded for w. The true velocity is indicated in the 
coded report by adding 50 to the number representing 
true wind direction and coding the sum for symbol DD. 
Example: A wind direction of 260° and velocity of 94 
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miles per hour at 8,000 feet is coded as “82694”; but 
if the velocity is 104 miles per hour, it is coded as 
“ 87604.” 

S. For observed wind velocities of 200 miles per hour or more, 
the actual velocity is reduced by 200 and the remainder 
coded for symbol w. The true velocity is indicated 
by inserting a slant between the coded figures used 
for DD and w. As in the case for velocities of 100 to 
199 miles per hour, 50 is added to the number repre- 
senting true wind direction and the sum is coded for 
symbol DD. Example: A true wind of 280° with 
velocity at 214 miles per hour, occurring at 14,000 
feet, is coded as “478/14”. 

(4) The order of symbols within a group, and of groups within a 
pilot-balloon message from a ship station, is as follows: YQLLL 
111GG DDw DDw . . . DDw DDw . . . 

(a) The same procedure is followed in coding and decoding the 
symbols DD and w as for a land station. 



(b) 

Symbol Data 

Y Day of week (Greenwich civil time). 

Q Octant of globe. 

LLL Latitude in degrees and tenths. (The tenths are obtained by 

dividing the number of minutes by 6 and neglecting the 
remainder.) 

Ill Longitude in degrees and tenths. (The tenths are obtained as 

for LLL.) 

GG Greenwich civil time of observation on a 24-hour-clock basis. 



Note.' — A more complete definition of Y, Q, LLL, 111, and GG may be obtained 
by referring to the paragraph on decoding map reports from ships at sea. 

(5) Some examples of representative reports are given below: 



(a) 

Observed data Coded 

Station — Cheyenne (6,133 feet above sea level) CX 

Time — 3:02 p. m., 105th-meridian time 17 

Surface — 163°, 8 mph 01608 

7.000 feet — 172°, 14 mph 1714 

8.000 feet— 175°, 16 mph 81816 

9.000 feet— 185°, 20 mph 1820 

10.000 feet— 195°, 22 mph 02022 

11.000 feet — 214°, 20 mph. 2120 

12.000 feet— 235°, 17 mph 22417 

12,720 feet— 248°, 29 mph 2529 
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Complete coded report: CX17 01608 1714 81816 



1820 02022 2120 22417 2529. 

(b) 

Observed data Coded 

Station — Kvlertown (1,688 feet above sea level) KY 

Time — 10:40 a. m., 75th-meridian time 11 

Surface — 230°, 18 mph 02318 

2.000 feet— 265°, 25 mph 22625 

3.000 feet— 272°, 28 mph 2728 

4.000 feet— 275°, 32 mph 42832 

5.000 feet— 282°, 44 mph . . . . 2844 

6.000 feet— 285°, 52 mph 62852 

7.000 feet— 288°, 67 mph 2967 

8.000 feet— 295°, 78 mph 83078 

9.000 feet— 304°, 87 mph 3087 

10.000 feet— 306°, 94 mph 03194 

11.000 feet— 315°, 102 mph . 8202 

12.000 feet— 322°, 108 mph 28208 

13.000 feet— 326°, 111 mph 8311 

14.000 feet— 327°, 114 mph 48314 

15.000 feet— 329°, 117 mph 8317 

20.000 feet— 332°, 126 mph 0836 

25.000 feet— 337°, 129 mph -------- 58429 

28,051 feet— 340°, 131 mph .. 

Complete coded report: KYll 02318 22625 2728 

42832 2844 62852 2967 83078 3087 03194 8202 

28208 8311 48314 8317 08326 58429. 



(6) In case an observation is not made or not received at the point 
of transmission prior to the time of filing the report, a “no observa- 
tion” report is filed, consisting of the following: 

(a) Station designator. 

( b ) Time, on a 24-hour clock, EST. (Ship stations will use Green- 
wich civil time.) 

(c) Reason for no observation, using one of the following words: 



P1BA— No balloons. 

PICO — Low clouds. 

Pi DU — Thick dust. 

PlFl — Not filed. 

PlFO- Foggy. 

P1HE No gas. 

PllO Instrument trouble. 



PlivO — Smoky. 

PIKA — Raining. 

PISE — Unfavorable sea con- 
ditions. 

P 1 SO — Snowing. 

PlWl — High or gusty sur- 
face wind. 



Example: “CX05 PlCO” would indicate that no pilot-balloon ob- 
servation was made at Cheyenne for 5:00 AM, EST, due to low clouds. 
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61. Code for radiosonde (raob) and airplane (apob) weather 
observations. — a. General . — The code that is described in succeeding 
paragraphs will apply to raob and apob messages transmitted by 
teletype, telegraph, or radio. 

b. Description of code. — (1) Order of data. — The data generally to be 
coded in raob messages from land stations and the order in which 
they are to be grouped are shown in symbolic form below: 

II (I) (YOGA HHPPT TUUmm HHPPT 
TUUmm . . . (for surface and successive significant levels 
as required). 

P a P a P b P b P c P c P d P d P e P e PfPfPgP g (for pressures at des- 
ignated levels). 

P 1 P 1 P 2 P 3 h p N c Cdd PxPxPaPahp N 0 Cdd . . . (for 
cloud types or layers from none to three layers, as required). 

W3P3P3P4P4 W3P3P3P4P4 (for special phenomena as required). 
MxMM* PxPxPsxPsx 0 X 0 x P y P y P 8y P 8y P.P a P 8 . 
P M DiDjSiSxDaDa S2S2D3D3S3S3 (for isentropic data, 
as required). 

W4HJHXH2H2 W4HJH1H2H2 (for icing, as required). 

MMMM (for termination of observations). 

(а) Groups PiPxP^hp are included in raobs for those cases where 
appropriate values of PxPi are obtained by observational means (for 
example, by use of ceiling light projector or ceiling balloon). 

(б) Whenever any of the phenomena represented by the symbol w 3 
occur at the surface and the upper limit is unknown, the data for 
P3P3 will be the surface pressure and slants will be used for the missing 
data P4P4. 

(2) Code form for raobs from ships. — The code form for raobs from 
ships is identical with that for land stations except that the first group 
II(I)(Yi) G1G1 is replaced by the word RAOB and the two numeral 
groups YQLLL 111 GG which are taken from the International Ship Code. 

( 3 ) Code form for apobs . — The code form for apobs is the same as for 
raobs except that groups PiPiP 2 P2H p are free from restrictions and that 
groups W 4 HiHiH 2 H 2 are inapplicable. 

( 4 ) Explanation of symbols. 

Symbol Data 

II (I) Station call letters, ordinarily two in number, used in transmission 

* by teletype, telegraph, and point-to-point radio communica- 

tion. (In major weather bulletins broadcast from the Naval 
Radio Stations at Washington, D. C. (NAA/NSS) and San 
Francisco, Calif. (NPG), the names of the observation 
stations spelled out — omitting the State or Territory — are 
used in lieu of call letters.) 
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Symbol * 

(Y,) Day of the week on which the observation was made: 1 *= 



Sunday, 2 ■= Monday, etc., 7 «= Saturday. (See code table 
36.) The day will be reckoned according to 75th-meridian 
time; for example, Thursday «= 5 will signify the period extend- 
ing from 0001 to 2400 hours, Thursday, 75th-meridian time. 
This code datum (Yi) is to be included in the message only 
if the message is filed for transmission after the last scheduled 
period for raobs^apobs in the National Communication Sched- 
ule (teletype) of the Civil Aeronautics' Administration for the 
day on which the observation is made. 



GiGi Time of launching (or take-off) to the nearest whole hour, 75th- 

meridian time, on the 00-23 hour basis, e. g., 01 designates 
1 a. m. ; 13 designates 1 p. m. 

Y Day of the week on which observation was made: 1 = Sunday, 



2 ■= Monday, etc., 7 «= Saturday. The day will be reckoned 
according to Greenwich mean time; for example, Thursday «= 5 
will signify the period extending from 0001 to 2400 hours, Thurs- 
day, Greenwich mean time. (For use only with ship-station 
raobs, but not with land-station raobs.) 



Q Octant of the globe. (See code table 37.) 

LLL Latitude in degrees and tenths, the tenths being obtained by 

dividing the number of minutes by 6 and neglecting the 
remainder. 

Ill Longitude in degrees and tenths, the tenths being obtained as for 

latitude LLL. 

GG Time of launching to the nearest whole hour, Greenwich mean 

time (00 designating midnight, 12 being noon, and 18 being 
6:00 p. m.). (For use only with ship-station raobs, but not 
with land-station raobs.) 

HH Height above sea level in hundreds of meters, to the nearest 



whole hundred, omitting the 10,000-place digit wherever in- 
volved; e. g., 520 m. is transmitted as 05, 4,570 m. is trans- 
mitted as 46, and 12,520 m. as 25. Fifties (50') are disposed 
of according to the rule for changing to the nearest even 
hundred; e. g., 2,350 m. is transmitted as 24, 2,450 m. is trans- 
mitted as 24, and 12,450 m. also as 24. 

PP .. Barometric pressure, in whole millibars, including only tens and 

units digits, i. e., with hundreds and thousands digits omitted. 
For example: 1,020 mb. is transmitted as 20; 1,000 mb. as 00, 
982 mb. as 82,900 mb. as 00, 705 mb. as 05, etc. (Note code 
tables 9 and 10 regarding average relation of pressure to 
altitude.) 

TT Temperature of the air in whole degrees centigrade. A 

naught will be used for the tens digit when the temperature is 
0° C. to 9° C., inclusive. When the temperature is — 1° C. or 
lower, the minus sign will be disregarded and 50 added for cod- 
ing. Where the sum of the temperature and 50 in these cases 
is 100 or more, the hundreds digit will be omitted. For 
example: 
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uu. 

mm 



P.P.- 



PbPb. 



P.P. 



PdPd 



P.P.. 



Data 

15° C. is transmitted as 15. 

5° C. is transmitted as 05. 

0° C. is transmitted as 00. 

SUMS (When temperatures are negative.) 

— 1° C. (1 + 50=51) is transmitted as 51. 

—45° C. (45+50=95) is transmitted as 95. 

— 50° C. (50+50=100) is transmitted as 00. 

— 55° C. (55+50=105) is transmitted as 05. 

— 65° C. (65+50=115) is transmitted as 15. 

(In transmission, the TT digits are split between the end of the 
first group and the beginning of the second group for each 
significant level.) 

Relative humidity in whole percent. A naught will be used for 
the tens digit when the relative humidity is 0 to 9 percent, 
inclusive. Zero and 1 percent will be coded as 01, 9 percent 
as 09, 50 percent as 50, 100 percent as 00. 

Mixing ratios in grams of water vapor per kilogram of dry air, 
omitting the tens digit, coding only the units and tenths 
digits. Examples: 8.7 g./Kg. as 87. 

Note. — Code table 11 giving saturation mixing ratios for 
various temperatures and pressures. The saturation mixing 
ratio multiplied by the relative humidity expressed decimally 
gives a very close approximation to the actual mixing ratio. 
It is thus possible to ascertain quickly the value of the missing 
tens figure if not already known. 

Barometric pressure, in whole millibars, at 1,520 meters (5,000 
feet) m. s. 1., omitting the hundreds digit, coding only the 
tens and units digits. The pressure at 1,520 m., m. s. 1., will 
usually lie in the range 810 to 880 mb. Examples: 833 mb. 
will be coded as 33; 851 mb. as 51, etc. 

Barometric pressure, in whole millibars, at 3,050 meters (10,000 
feet) m. s. 1., omitting the hundreds digit, coding only the tens 
and units digits. The pressure at 3,050 m., m. s. 1., will usually 
lie in the range 640 to 730 mb. Examples: 670 mb. will be 
coded as 70; 695 mb. as 95; 716 mb. as 16. 

Barometric pressure, in whole millibars, at 4,570 meters (15,000 
feet) m. s. 1., omitting the hundreds digit, coding only the tens 
and units digits. The pressure at 4,570 m., m. s. 1., will usually 
lie in the range 510 to 610 mb. Examples: 540 mb. will be 
coded as 40; 585 mb. as 85. 

Barometric pressure, in whole millibars, at 6,100 meters (20,000 
feet) m. s. 1., omitting the hundreds digit, coding only the tens 
and units digits. The pressure at 6,100 m., m. s. 1., will usually 
lie in the range 410 to 510 mb. Examples: 464 mb. will be 
coded as 64; 481 mb. as 81. 

Barometric pressure, in whole millibars, at 10,000 meters (32,810 
feet) m. s. 1., omitting the hundreds digit, coding only the tens 
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and units digits. The pressure at 10,000 m., m. s. 1., will 
usually lie in the range 210 to 310 mb. Example: 251 mb. will 
be coded as 51. 

Barometric pressure, in whole millibars, at 13,000 meters (42,650 
feet) m. s. 1., omitting the hundreds digit, coding only the tens 
and units digits. The pressure at 13,000 m., m. s. 1., will 
usually lie in the range 115 to 215 mb. Example: 154 mb. will 
be coded as 54. 

Barometric pressure, in whole millibars, at 16,000 meters (52,490 
feet) m. s. 1., omitting the hundreds digit (whenever it occurs), 
coding only the tens and units digits. The pressure at 16,000 
m., m. s. 1., will usually lie in the range 55 to 155 mb. Example: 
103 mb. will be coded as 03. 

Barometric pressure, in tens of millibars, corresponding to the 
height of the base of the cloud designated by the code figure 
for C in the immediately succeeding group. The thousands 
digit is to be dropped when the pressure is 1,000 mb. or greater. 
For example, 1,020 mb. will be coded as 02, 875 mb. as 88, etc., 
the units digit being disposed of according to the standard rule 
for dropping decimals. When the pressure in question is 
unknown, PjPi will be coded in apobs in accordance with code 
table 1. 

Barometric pressure, in tens of millibars, corresponding to the 
height of the top of the cloud designated by the code figure 
for C in the immediately succeeding group. The rules for 
coding observed or estimated data are the same as those for 
Pi Pi. When the pressure in question is unknown, P 2 P 2 will 
be coded in apobs in accordance with code table 1. 

A characteristic numeral, coded according to code table 2, to 
indicate whether the pressures (Pi Pi and P2P2) corresponding 
to the height of the base and top, respectively, of the cloud 
type designated by the code figure for C in the succeeding 
group, have been ascertained by observation, have been esti- 
mated, or are unknown. 

Amount, in tenths, of sky covered by clouds of the type desig- 
nated by the code figure for C which immediately follows in 
the group and which represents clouds at a given height. (See 
the immediately preceding group in code.) Ten-tenths will 
be coded as 0, “few” and one-tenth will be coded as 1, and 
amounts from two-tenths to nine-tenths will be coded by the 
figures 2 to 9, respectively. 

Type of cloud. (See code table 33.) 

Direction from which the clouds are coming, according to a 
scale 01-36, i. e., the number of degrees measured from north 
divided by 10 and rounded off to the nearest whole figure. 
Calm = 00, N = 36, E=09, S=18, W = 27, etc. 

Note. — A pair of groups PiPiP 2 P 2 h u N 0 Cdd will be used for 
each type or layer of cloud to a maximum of three for which 
data may be appropriately transmitted in the message (see next 
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Data 

sentence), except that groups PiPiP 2 P 2 h p are omitted when 
observational data therefor are unavailable in raobs. As many 
as three cloud groups may be included in the message, repre- 
senting low, intermediate, and high clouds, respectively. If no 
cloud form in any of these categories is observed, the corre- 
sponding groups PiPiP 2 P 2 h p N 0 Cdd are omitted. 



w 2 A characteristic numeral designating the nature of a phenomenon 

occurring at the surface, or encountered aloft by an airplane 
flying in the vicinity, coded in accordance with code table 3. 
PjP 3 Barometric pressure, in tens of millibars, at the level of entry of 



an ascending airplane into the phenomenon given by the code 
figure for w 2 . The rules for coding observed data are the 
same as those for Pi Pi. When the pressure in question is 
unknown, P 3 P 3 will be coded in accordance with code table 5 
in apobs and by slants in raobs. 

P4P4 Barometric pressure, in tens of millibars, at the level of emergence 

of an ascending airplane from the phenomenon given by the 
code figure for W 3 . The rules for coding observed data are the 
same as those for Pi Pi. When the pressure in question is 
unknown or there was no emergence from the phenomenon 
during the ascent, P 4 P 4 will be coded in accordance with code 
table 5 in apobs and by slants in raobs. 

Note. — One W 3 P 3 P 3 P 4 P 4 group will be used to indicate each of 
the w 3 phenomena observed. The phenomena will be indi- 
cated in the message in the order of increasing value of ws, 
that is, in the order: rime or frost, hard ice, haze or smoke, etc. 
(See code table 3.) Data for successive layers in which rime 
or frost formed will be given before data for layers in which hard 
ice formed, etc., and data for successive turbulent layers will 
be given after data for a thunderstorm heard at the station. 



The last two digits of the stream function corresponding to the 

potential temperature specified by 0 X 6 X . 

yf/y+y The last two digits of the stream function corresponding to the 

potential temperature 6° A. higher than the potential tempera- 
ture specified by 0*0*. 

The last two digits of the stream function corresponding to the 

potential temperature 12° A. higher than the potential tem- 
perature specified by djfl x , 

P,P X Actual pressure, in tens of millibars, with the thousands digit 

omitted, corresponding to the potential temperature indicated 
by 0A. 

P„P„ Condensation pressure, in tens of millibars, with the thousands 

digit omitted, corresponding to the potential temperature indi- 
cated by 0*0 X . 

dj x A potential temperature in degrees A., the hundreds digit being 

omitted, for which stream function and pressure data desig- 
nated by the symbols V'xtf'x,PxPx.P B xP*x are transmitted. For 
example, a potential temperature of 308° A. is coded as 08, 
296° A. is coded as 96. 
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Symbol 

p,p»- 



P«yP«r 



P.P, 



P..P.. 



DiDj. 



DjDj. 



D3D3. 



s,s,. 



SaSj. 



Ba8,. 



Data 

Actual pressure, in tens of mifiibars, with the thousands digit 
omitted, corresponding to the potential temperature which is 
6° A. higher than that specified by Mx. 

.Condensation pressure, in tens of millibars, with the thousands 
digit omitted, corresponding to the potential temperature 
which is 6° A. higher than that specified by 6 x d x . 

.Actual pressure, in tens of millibars, with the thousands digit 
omitted, corresponding to the potential temperature which is 
12° A. higher than that specified by Mx. 

.Condensation pressure, in tens of millibars, with the thousands 
digit omitted, corresponding to the potential temperature which 
is 12° A. higher than that specified by Mx. 

Note. — P X P X , P. X P. X , P y P y , P. y P« y , P.P., and P..P.. are 
coded in the same manner as PiPi. See examples thereunder. 
Direction of the shear-stability ratio vector as measured from the 
N. through the E., S., and W., at the height of the lowest 
specified potential temperature surface for which other isen- 
tropic data are computed and transmitted, and coded to 36 
points in accordance with code table 12. 

Direction of the shear-stability ratio vector as measured from the 
N. through the E., S., and W., at the height of the specified 
intermediate potential-temperature surface for which other 
isentropic data are computed and transmitted, and coded to 36 
points in accordance with code table 12. 

Direction of the shear-stability ratio vector as measured from the 
N. through the E., S., and W., at the height of the highest 
specified potential-temperature surface for which other isen- 
tropic data are computed and transmitted, and coded to 36 
points in accordance with code table 12. 

Magnitude of the shear-stability ratio vector in decameters per 
second at the height of the lowest specified potential-temper- 
ature surface for which other isentropic data are computed and 
transmitted, rounded off to the nearest corresponding number 
occurring in the “Magnitude in decameters per second” column 
of code table 13. 

Note. — The magnitude of the shear-stability ratio vector has 
the dimensions of velocity, and is here expressed in terms of the 
unit decameters per second. The appropriate code numbers from 
code table 13 are transmitted for SiSi, SjSs, and S3S3, respectively. 

Magnitude of the shear-stability ratio vector in decameters per 
second at the height of the specified intermediate potential- 
temperature surface for which other isentropic data are com- 
puted and transmitted, rounded off to the nearest corresponding 
number occurring in the “Magnitude in decameters per second” 
column of code table 13. 

Magnitude of the shear-stability ratio vector in decameters per 
second at the height of the highest specified potential-temper- 
ature surface for which other isentropic data are computed and 
transmitted, rounded off to the nearest corresponding number 
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Svmbo 9 Data 

occurring in the “ Magnitude in decameters per second ,, column 
of code table 13. 

W 4 A characteristic numeral from 1 to 3, inclusive, designating the 

nature of the phenomenon being coded in accordance with code 
table 4 for raobs. 

HjHi Height of the lower limit of the phenomenon above sea level in 

hundreds of meters, to the nearest whole hundred, omitting the 
ten-thousands digit wherever involved. 

H 2 H 2 Height of the upper limit of the phenomenon above sea level in 

hundreds of meters, to the nearest whole hundred, omitting 
the ten-thousands digit wherever involved. 

MMMM A four-letter group to indicate the reason for termination of 

raobs, the maximum altitudes of which are not more than 6,000 
meters, m. s. 1., to be used whenever the entire record above 
that altitude is missing or unusable. (See code table 7.) 



(5) Missing and doubtful data. — (a) Whenever any of the data are 
missing for groups to be transmitted, a slant is substituted for each 
missing digit. In the case of radio broadcasts, the letter X is sub- 
stituted for each missing digit. For exceptions to these rules see 
PiPi, P2P21 P3P37 P 4 P 4 - 

(6) In cases where there is doubt concerning the accuracy of the 
data for all elements for the entire sounding, the group “DBTF”, 
signifying “doubtful”, is transmitted immediately following the “call 
letters- time” group if the message originates at a land station, or 
immediately following the “longitude-time” group if it originates at 
a ship station. If only one or two elements are doubtful for the 
entire sounding, an appropriate group or groups such as “TMPS”, 
“PRES” or “HMDTY” are inserted preceding the above mentioned 
“DBTF” group. 

(c) If there is doubt concerning accuracy of the data for all 
elements for only a portion of the sounding, the group “DATA” is 
inserted immediately before the doubtful portion of the record and 
the group “DBTF” follows immediately the doubtful data. How- 
ever, if only one or two elements are doubtful for a portion of the 
sounding, an appropriate group such as “TMPS”, “PRES”, or 
“HMDTY” is substituted for the “DATA” group. 

(d) The following are examples of messages containing doubtful 
data. 

1 . When data for the three elements, i. e., temperature, pres- 
sure, and relative humidity are doubtful for the entire 

sounding II(I)(Y 1 )G 1 G 1 DBTF 

etc. 
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2. When only the humidity data are doubtful for the entire 

sounding II(I)(Y 1 )G 1 G 1 HMDTY DBTF 

etc. 



8. When data for the three elements are doubtful for only the 
lower portion of the sounding — *— II(I)(Yi)G 1 G 1 DATA 
DBTF 



etc. 



4. When only the humidity data are doubtful for an inter- 
mediate portion of the sounding II(I)(Y 1 )G J G J 

HMDTY 

DBTF etc. 



6. When the temperature and pressure data are doubtful for 

the upper portion of the sounding II(I)(Y 1 )GiG, 

TMPS 

PRES DBTF. 



Note. — When the upper portion of the sounding is doubtful, 
the group “DBTF” will appear immediately after the data for 
the last significant level instead of at the end of the message. 

6 . When the humidity data are doubtful for the lower portion 
and the temperature data are doubtful for the upper 

portion of the sounding II(I)(Y 1 )G 1 G 1 HMDTY 

DBTF 

TMPS DBTF. 

(e) If there is a gap in the record made by the instrumental recorder 
for radiosonde or airplane observations, such that it appears possible 
that there may have been significant levels within the altitudes covered 
by the gap, the group //9// will be sent between the pairs of five- 
figure groups which give the data for the two significant levels per- 
taining to the portion of the record immediately preceding and fol- 
lowing the gap. In many cases the group //9// in the message may 
point to the possibility that one or both of the significant levels just 
referred to might not have been regarded as significant if the missing 
data of the gap had been available. 

(/) Whenever the relative-humidity record is not obtained for any 
reason, e. g., the occurrence of temperature below —40° C., slant 
marks are sent in the message in place of the condensation pressure 
corresponding to the missing humidity. 

(6) “No raob” or “no apob” messages— A “no raob” or “no apob” 
message is one containing no radiosonde or airplane observation data, 
and indicating the reason for not transmitting those data at or before 
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the time of filing shown in the message. “No raob” or “no apob” 
messages are composed of two groups: 

(а) II(l)(Yi)GiGi — where these symbols have meanings similar to 
the corresponding symbols in a regular message, except that the time 
of filing the message with the communications office is substituted for 
observation or take-off time in respect to (Yi) and G 1 G 1 . It is under- 
stood, of course, that in messages from ship stations, RAOB YQLLL 
111GG is substituted for II(I)(Yi)GiGi, the latter group being applica- 
ble to land stations only. 

(б) A group from code table 6 consisting of four letters indicative 
of the reason for the “no raob” or “no apob” message. 

(7) Correction messages . — (a) Messages transmitting corrections to 
regular raob or apob messages begin with the observation CQN. 

(6) Correction messages may be of five kinds, as indicated in the 
paragraphs immediately below. In the following, “n” with a sub- 
script designates the number of the numeral group in the original 
message to which reference is made, counting II(I)(Yi)GiGi or 
YQLLL as 1, and the following group as 2, etc. 

1 . When a complete corrected message is transmitted, the code 

form is: CQN followed immediately by the corrected 
message in its entirety. 

2. When it is desired to correct specified groups in the orig- 

inal message, the code form is: CQN II(I)(Y 1 )GiG I 

ni/n 2 /n 3 /n 4 , 

where the dashes represent the corrected figures of the 
groups numbered iq, n 2 , n 3 , etc., respectively, in the 
original message. When only one group is to be cor- 
rected, the group number in question, ni, is followed by 
a slant in the message; e. g., if “n” is group 8, the code 
form is: CQN U(l)(Y l )G l G 1 8/ 

3. When it is desired to insert one or more new groups between 

specified groups in the original message, the code form 

is: CQN 11(1 )(Yi)GiGi insrt n,/n 2 n 3 /n 4 

, etc. The abbreviation “insrt” included in 

the correction message designates the word “insert,” 
and the dashes represent the figures of new groups to 
be inserted between groups iq and n 2 , n 3 and n 4 , etc., 
respectively, of the originally transmitted message. 
When, for example, one new group is to be inserted 
between groups 5 and 6 of the original message, and 
two new groups in given order are to be inserted between 

2.V.) 
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groups 13 and 14, the code form is: CQN II (I) (Yi)GiGi 

insrt 5/6 13/14 If one 

or more new groups are to be added to the end of the 
message, the figure represented by the “n” before the 
last slant in the correction message is the number of 
the last group of the original message, and no figure 
immediately follows that slant. (It will be noted that 
when data are to be inserted, the groups containing the 
numbers (n’s) of the groups which are to be inserted 
may be distinguished from the groups containing the 
correct figures by the fact that the “n” groups can have 
only one slant, not at the beginning, with never more 
than 2 digits preceding the slant; whereas the correct- 
figure group either has no slants or the slants appear as 
two or more, adjacent to each other, or a single slant 
occurs at the beginning, or a single slant occurs at the 
end preceded by more than two digits.) 

4. When it is desired both to correct specified groups and to 

insert one or more new groups between specified groups 
in the original message, the code form is: CQN II (I)- 

(YOGjGi m/iVns 

insrt n 4 /n 5 - -- -- - - - - - n 6 /n 7 

etc. Data between the II(I)(Yi)GiGi group and abbre- 
viation “insrt” refer to original groups to be corrected, 
and data after “insrt” refer to new groups to be in- 
serted. 

5. When it is desired to delete a specified group in the original 

message and not replace it by any other group, this is 
done by employing slants (/) (or X’s in non-point-to- 
point radio communications) for the group in the cor- 
rection message, e. g. CQN II(I)(Y 1 )GiGi Di/ 

/////; or, if group ii! is to be corrected and n 2 deleted 

CQXlIdKYOG^ lij/n, /////. 
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(8) Suggestions for decoding stream functions. — (a) Stream functions 
for three specified potential temperatures (the lowest of which appears 
in the coded report as 0 X 0 X with the hundreds digit omitted) are orig- 
inally computed from the sounding data, and expressed by four digits 
each; for example, 2,982 millions of ergs/gram for potential tempera- 
ture 296° Absolute. The first two digits of each computed stream func- 
tion are, therefore, omitted from the coded message. In decoding, these 
first two digits must be supplied by the decoder through inspection 
of the values of potential temperatures pertaining to the data, taking 
into consideration the fact that the first three digits of the stream 
function will be very nearly equal in numerical value to the three 
digits of the potential temperature in whole degrees Absolute. For 
example, from a transmitted group 823486 and an indication in the 
message that the lowest potential temperature is 296° Absolute, it 
may be deduced that the stream function corresponding to that 
potential temperature is 2,982 millions of ergs/gram, that the stream 
function corresponding to the potential temperature 6° higher (302° A) 
is 3,034 millions of ergs/gram, and that the stream function correspond- 
ing to the highest potential temperature (308° A) is 3,086 millions 
of ergs /gram. 

( b ) A convenient formula to be used by the decoder in checking a 
doubtful stream-function value for a given potential temperature is: 
\p=^ 10.05 T + 9.8h, where is the value of the stream function in 
millions of ergs/gram, T is the value in whole degrees absolute of the 
temperature of the air at the particular potential-temperature level 
for which the stream function is in doubt, and h is the height in hecto- 
meters (for example, 2,000 meters would be used in the formula as 
20) of the particular potential-temperature level. 

(9) Examples of decoding:?* Examples showing methods of decoding 
follow: 



(a) 


Message 


received 


by teletype: 


BU01 


02940 


19539 


05660 


93325 


10100 


82418 18190 


41912 


32800 


10805 


'>8906 


80601 


91089 


3//// 27780 


9//// 


44360 


9//// 


42160 


6//// 


4903 


8073 7 1 70 7 ^ 


1 135 


82348(> 


79569 


07248 


6240 


224830 


423520. 
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Coded 



Code figures 


Code symbols 


BU01 


UGiGi 


02940 


19639 


HHPPT 


TUUmm 


05660 


93325 


HHPPT 


TUUmm 


10100 


82418 


HHPPT 


TUUmm 


18190 


41912 


HHPPT 


TUUmm 


32800 


10805 


HHPPT 


TUUmm 


58906 


80601 


HHPPT 


TUUmm 


91089 


3//// 


HHPPT 


TUUmm 


27780 


9//// 


HHPPT 


TUUmm 


44360 


9 HII 


HHPPT 


TUUmm 


54160 


mi 


HHPPT 


TUUmm 


4903 


8073 


P.P.PbPbPoPcPdPd 


7170// 




PePePfPfP.P. 




1135 




NcCDD 




823486 








79569 


67248 


P *P xPllPlI Ox 


exP,P r P. y P ay 


6240 




p.p,p 9 .p.. 


I 


224830 423520 


D,D,S,SiDiD| 


S*8jD|D*S*Sj 1 



Decoded 



Burbank, Calif., raob ascent made at 1 a. m., 
75th-meridian time 



Data for levels 



Level 

number 


Eleva- 
tions, m. 
(m. s. 1.) 


Baro- 

metric 

pressure 

(mb.) 


Tem- 

pera- 

ture 

(°C.) 


Relative 

humidity 

(percent) 


! 

| Mixing 
ratio 
[ (g M.) 


Surface 


>200 


994 


1 


95 


3.1 


1 


500 


966 


9 


33 


11 


2 


1.000 


910 


8 


24 


U 


3 


1,800 


819 


4 


19 


U 


4 


3,200 


680 


1 


8 


J 


5 


5,800 


490 


-18 


6 


.1 


6 


9,100 


308 


-43 


C) 


0 ) 


7 


12,700 


178 


-59 


(*) 


(’) 


8 


14,400 


136 


-59 


(*) 


(’) 


9 


15,400 


116 


-56 


(0 


(0 



Barometric pressure • 

Barometric pressure 

Few or 1 Ci direction 350° 



849 mb. at 1,520 m. 

703 mb. at 3,050 m. 

580 mb. at 4,570 m. 

473 mb. at 6,100 m. 

271 mb. at 10,000 m. 

170 mb. at 13,000 m. 
Observation yields no pressure 
datum at 16.000 m. 



Stream function 2,982 millions of ergs/pram for 0 = 296° A. 
Stream function 3,034 millions of ergs/gram for 6 = 302 ° A. 
Stream function 3,086 millions of ergs/gram for (9=308° A. 
Actual pressure for 0=296° A., 790 mb. 

Condensation pressure for 0=296° A., 560 mb. 

Lowest potential-temperature surface 0=296°A. 

Actual pressure for 0=3O2°A., 720 mb. 

Condensation pressure for 0 = 302° A., 480 mb. 

Actual pressure for 0=3O8°A., 620 mb. 

Condensation pressure for 0= 308° A., 400 mb. 

Direction of shear-stability ratio vector for 0= 296°A., 220°. 
Magnitude of shear-stability ratio vector for 0=296° A., 4S 
decameters/second . 

Direction of shear-stability ratio vector for 0=302° A ., 300°. 
Magnitude of shear-stability ratio vector for 0=3O2°A., 42 
decameters/second. 

Direction of shear-stability ratio vector for 0=3O8°A., 350°. 
Magnitude of shear-stability ratio vector for 0=308° A., 20 
decameters/second . 



1 Actually 220. * Unknown. Readings of hair hygrometer unreliable at low temperatures. 



(6) Message received by teletype: E004 12841 04842 

21930 48555 36595 69033 41115 99129 48586 

37318 52376 66213 4298 75// 79611 0614 08060 

05// 16661 68879 98861 9341// 80779 66563 

//// ///// /////. 
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Code symbols 



E004 


IIO 1 G 1 


12841 


04842 


HHPPT 


TUUmm 


21930 


48555 


HHPPT 


TUTJmm 


36595 


69033 


HHPPT 


TUUmm 


41115 


99129 


HHPPT 


TUUmm 


48586 


37318 


HHPPT 


TUUmm 


52376 


66213 


HHPPT 


TUUmm 


4296 


75// 


P.P*PbFb 


PcPcPdPd 


79611 


0614 


PiPiPiPjhp 


NeCdd 


08060 


05// 


P.P.P 2 P 2 hp 


N.Cdd 


16661 




W3P3P3P4P4 




68879 




W3P3P3P4P4 




98861 




W3P3P3P4P4 




934V/ 




*x*x*y*y*»*« 




80779 


66563 


P*P,P„P„ 


PyPyP.yP.y 


'III 




P.P.P..P.. 




mill 


////// 


, 1>iDiS,S,D 2 D, 


S)SiDiDtSi8i ' 



El Paso, Tex.; hour of anob take-off, 4 a. m., 75tb- 
meridfan time 



Data for levels 



i 

I^evel 

number 


Eleva- 
tions, m. 
(m. s. 1.) 


| Baro- 
metric 
pressure 
■ (mb.) 


Tem- 

pera- 

ture 

pc.) 


Relative 

humid- 

ity 

(percent) 


Mixing 
I ratio 
(g./kg.) 


Surface 


1 1,200 


884 


10 


48 


4.2 


1 


2,100 


793 


4 


85 


5.5 


2 


3,600 


659 


-6 


90 


3.3 


3 


4, 100 


! 611 


-9 


91 


2.9 


4 


4.800 


j 558 


-13 


73 


1.8 


5 


5,200 


! 537 


-16 


62 


1.3 



842 mb. at 1,520 m. 

Barometric pressure 5 $ £b! at 4$S m.' 

iNo data for 6,100 m. 

Base observed at 790 mb. pressure. 

Top observed at 610 mb. pressure. 

10 8c direction 140°. 

Base and top above maximum elevation of ascent. 

10 As direction unknown. 

Hard ice formed on airplane between levels at 660 and 610 
mb. pressure. 

Rain encountered between levels at 880 and 790 mb. pressure. 
Turbulence encountered between levels at 880 and 610 mb. 
pressure. 

Stream function 2,993 millions of orgs/gram for 0=296° A. 
Stream function 3,041 millions of er^s/gram for 0=302° A. 
Observation yields no stream function data for 0= 308° A. 
Actual pressure for 0= 296° A., 800 mb. 

Condensation pressure for 0= 296° A., 770 mb. 

Iyowest potential-temperature surface, 0 = 296° A. 

Actual pressure for 0= 302° A., 650 mb. 

Condensation pressure for 0=302° A., 630 mb. 

Observation yields neither actual nor condensation pres- 
sure for 0= 308° A. 

Observation yields no shear-stability ratio vector data be- 
cause of insufficient upper-air wind data, due to low 
clouds. 



1 Actually 1,193. 

(c) Message received by teletype: NA311 02905 28628 

07265 89322 //9// 21736 99310 22586 79313 

35407 69107 37247 68805 53958 97102 3378 

44// 93771 0627 74665 6432 08474 79974. 
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Coded 


Code figures 


Code symbols 


NA311 


IIYiGiGi 


02905 


28628 


HHPPT 


TUUmm 


07265 


89322 


HHPPT 


TUUmm 


mi 




mi 




21736 


99310 


HHPPT 


TUUmm 


22586 


79313 


HHPPT 


TU Umm 


35407 


69107 


HHPPT 


TUUmm 


37247 


68805 


HHPPT 


TUUmm 


53958 


97102 


HHPPT 


TUUmm 


3378 


44// 


P.P.PbPb 


PePcPdPd 


93771 


0627 


PiP.PjPzhp 


NcCdd 


74665 


6432 


P,PiP 2 P?h p 


NoCdd 


08474 




W 3 PjP»P4P4 




79974 




WjPsPsPlPi 





Decoded 



Nashville, Tenn.; apob flight made Tuesday; take-off at 11 
a. m., 75th-meridian time. 



Data for levels 



Level 

number 


Eleva- 
tions, m. 
(m. s. 1.) 


Baro- 

metric 

pressure 

(mb.) 


Tem- 

pera- 

ture 

(°C.) 


Relative 

humid- 

ity 

(percent) 


Mixing 

ratio 

(g./kg.) 


Surface 


1 200 


990 


-2 


86 


2.8 


1 

1 


700 


926 


-8 


93 


2.2 


Data between 700 and 2,100 m. are missing, and it is un- 


certain whether there are significant levels between those 
heights. 


2 


2,100 


773 


-19 


i 93 


1.0 


3 


2,200 


758 


-17 


1 93 


1.3 


4 


3,500 


640 


-26 


91 


. 7 


5 


3,700 


i 624 


-26 


1 88 


.5 


6 


5,300 


495 


-39 


71 


.2 



(833 mb. at 1,520 m. 

Barometric pressure] Sb! Ht S Si 
(No data for 6,100 m. 

Base observed at 930 mb. pressure. 

Top observed at 770 mb. pressure. 

10 Sc direction 270°. 

Base estimated at 740 mb. pressure. 

Top estimated at 660 mb. pressure. 

6 Ac direction 320°. 

Rime formed on airplane between levels at 840 and 740 mb. 
pressure. 

Snow encountered between levels at 990 and 740 mb. pres- 
sure. 

(Figures for stream functions and related pressures and 
shear-stability ratio vector data are omitted, since the 
potential temperatures specified occur above the maxi- 
mum altitude of the flight.) 



i Actually 180. 

Note. — Due to lack of data for the stratum from 700 meters to 2,100 meters, 
some uncertainty exists regarding the accuracy of the elevations above 700 meters 
and the pressures at fixed levels. 

(i d ) Message received by teletype: XW07 APWE. 



Coded 


Decoded 


XW07 


Maxwell Field, Montgomery, Alabama, apob flight; message filed at 7 AM, 75th-meridian 
time. 



APW F Flight not made by 7 AM, 75th-meridian time, on account of unfavorable weather conditions. 
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(e) Message received by teletype: CQN CD04 10/11/16/17 
26342 15880 49460 47131. 



Coded 



Decoded 



CQN 

CD04 

10/11/16/17 

26342 

15880 

49460 

47131 



Correction message. 

Scott Field, Belleville, 111., ascent at 4 a. m., 75th-nieridian time. 

Groups numbers 10, 11, 16, and 17 of the original message to be replaced by the four following 
groups, respectively. 

Group to replace group 10 of original message. 

Group to replace group 11 of original message. 

Group to replace group- 16 of original message. 

Group to replace group 17 of original message. 



62. Code for transmission of air-mass and frontal analyses 
(AMAFA) by teletype and radio. — a . General . — The central office 
of the Weather Bureau places the results of the air-mass and frontal 
analysis of the 7:30 AM, Eastern Standard Time, map on the teletype 
circuits at Washington, daily at 11:55 AM, Eastern Standard Time, 
to be relayed to all airway-communications circuits. This includes 
an analysis of the Northwest Pacific prepared at San Francisco, Cali- 
fornia, and transmitted to Washington for incorporation in the Wash- 
ington analysis. 

b. Description oj code. — (1) Heading . — The heading of the trans- 
mission consists of the Washington designator (WA); the symbol 
“AMAFA,” meaning “air-mass and frontal analysis”; the date and 
time of map analyzed, using figures. For example: “WA AMAFA 
2407 . . .” would be decoded as “Washington air-mass and frontal 
analysis of the 7:30 AM, EST, map for the 24th of the month.” 

(2) Body oj AMAFA report. — (a) Following the heading is one 
space and then a type-of-front symbol group to indicate the type of 
front to follow in the message. The following symbols are employed 
to designate the types of front: 



0 


__ Cold front. 


®+ — 


_ _ Warm front frontogenesis* 


<D 


__ Occluded front. 


®©+— 


Stationary front fronto- 


© 


__ Warm front. 




genesis. 


ret — 


Warm front aloft. 


CD — 


_ _ Cold front frontolysis. 


t ® t — 


Cold front aloft. 


©- 


_ _ Warm front frontolysis. 


T ® T — 


Occulded front aloft. 


®®- — 


__ Stationary front fronto- 


0© 


Stationary front. 




lysis. 


®+ 


_ _ Cold front frontogenesis. 


®- 


__ Occluded front frontolysis. 



(6) Following the type-of-front group is a space and then the 
latitude and longitude, in the order named, of the beginning point of 
that front, followed by the latitude and longitude of one or more 
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points on the front (as many as are necessary to outline properly the 
position of the front), the group of figures representing the latitude 
and longitude of any particular point being separated from any other 
group by a space. Thus “48105 4590” would indicate latitude 48° 
and longitude 105° for the beginning point, and latitude 45° and 
longitude 90° for the second point, etc. If a front is continuous, 
also if a series of fronts are located with respect to each other so as 
to form a continuous smooth line, the transmission for the entire 
series is made without a break. When the type of front changes, a 
symbol for the new type will be sent for the first point on it, and then 
will follow the coordinates of latitude and longitude. Further, if 
one front is attached to another at an acute angle and is plainly not 
a part of a continuous smooth front, or a continuous series of fronts, 
the latitude and longitude of the connecting point will be given in 
the first series of points in its proper order, and also the second series 
of points will either begin or end with the latitude and longitude of 
the connecting point. Each front, or series of fronts representing a 
single continuous line, is followed by two periods to separate it from 
data for other continuous fronts. 

(c) Immediately following the two periods sent behind the last 
coordinate groups designating the locations of points on the fronts, 
there will be sent the air-mass groups, consisting of two, four or six 
two-figure symbols for the appropriate air masses, followed in each 
case by a four- or five-figure group for the coordinates of latitude and 
longitude in the same manner as points on a front are sent. These 
will indicate the locations on the map at which air-mass designators 
should be placed to complete the analysis begun by the entries of the 
fronts. Following the last of the coordinates, two periods will be 
sent. 

(i d ) Each symbol for types of air masses will be composed of two 
figures, the first known as the mass and the second as the thermody- 



namic 


property, as follows: 








Symbol 


Mass 




Symbol 


Ther modynamic property 


1 


Continental or dry 




0 


Indeterminate or questionable. 




Arctic 


cA. 


1 


W arm relative to the surface ( w) . 


2 


Continental or dry Polar _ 


cP. 


2 


Cold relative to the surface (K). 


3 


Superior _ _ _ 


S. 






4 


Maritime or moist Arctic. 


mA. 






5 


Maritime or moist Polar 


mP. 






6 


Maritime or moist Tropi- 










cal 


mT. 







266 



Digitized by v^ooQle 




THE WEATHER OBSERVER 



TM 1-235 
62-63 



(e) Additional symbols used are as follows: 

Symbol 

/ Used to indicate that the air mass to the left of the / is aloft while that to 
the right of it is at the surface (for instance, 52/11 indicates cAw at sur- 
face, mPk aloft). 

.. End or intersection of front, or end of message. 

+ Between two air-mass numbers, indicates a mixture of the two air masses. 

— > “Becoming” (for instance 52—^62 indicates mPk becoming mTk). 

63. Weather code, numerical system for land stations. — a. 

General. — The U. S. Weather Bureau code is constructed on principles 
adopted by the International Meteorological Organization. 

(1) Four times daily, regular observations are taken at weather 
stations throughout the United States, Canada, Alaska, West Indies, 
and islands of the Pacific, at 1830. GMT, 0030 GMT, 0630 GMT, and 
1230 GMT. 

(a) GMT refers to Greenwich meridian time, with the day begin- 
ning at midnight and the time reckoned from 0000 to 2400. Equiva- 
lent times are as follows: 1830 GMT is equivalent to 1330 EST, 1230 
CST, 1130 MST, 1030 PST; 0030 GMT is equivalent to 1930 EST, 
1830 CST, 1730 MST, 1630 PST; 0630 GMT is equivalent to 0130 
EST, 0030 CST, 2330 MST, 2230 PST; 1230 GMT is equivalent to 
0730 EST, 0630 CST, 0530 MST, 0430 PST. 

( b ) These are the times at which observations are completed, 
coded, and in readiness for transmission by telephone, telegraph, and 
radio. Observations are begun approximately 20 minutes before the 
indicated hours. The regular observations at certain outlying sta- 
tions in Alaska, in northern Canada, in the islands of the Pacific, in 
the West Indies, etc., are taken earlier than the regular scheduled 
time in order that all reports may be collected and used synchronously. 

(2) The code is composed of groups of five figures, generally, but the 
last group in some reports may have fewer figures; on infrequent occa- 
sions, words in plain language may be used under certain provisions. 

(а) Exceptions to the general rule that all groups contain five 
figures each, occur only in the last group. 

(б) Each figure of each group has a data significance which is 
identified by the position of the group in the message and by tin*, 
position of the figure in that group. 

(c) The number of numerical groups in a message is never less than 
five nor more than nine. 

( d ) Under all conditions, the order of the symbols in a group and 
the order of the groups in a message 4 will be maintained. 
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(e) If plain language words appear, their use shall be governed 
only by instructions pertaining to the appropriate phenomena. 

( f ) Occasionally, for reasons beyond control, an observer cannot 
supply the data provided for in the code and code tables, in which 
case the usual position of the data in the code group will be indicated 
by a slant line (/) and not a numeral. A slant line (/) will not be 
used in cases where meteorological conditions prevent accurate infor- 
mation being secured, as in the case of an obscured sky, or where the 
code tables provide a proper figure to indicate the actual meteoro- 
logical condition. 

( g ) The character X will not be used to indicate missing data or for 
any other purpose in the figure code. A mixture of figures and letters 
in a group is prohibited. 

Qi) Numeral groups are designated “universal” or “supplemental.” 
A universal group is always included in a coded report. Supplemental 
groups may or may not be included, according to instructions to 
particular stations or according to existing meteorological conditions. 
Should it happen that all of the data for a universal group are missing, 
that group will be represented in the message by five slants, /////. 
Should it happen that all of the data for a supplemental group are 
missing, that group will be omitted. No identification, other than 
by position in the message, is required for universal groups, but 
identification of each supplemental group is either determined by a 
fixed identification number, or by other rules. 

b. Symbol and group arrangement . — (1) Symbol and group arrange- 
ments are as follows: 

(a) 1830 GMT observation: 

(1) (2) (3) (4) (5) (6) 

IIINV DDFww PPPTT T 8 T 8 app C L C M C H hD c 6R c R t RR 

(7) (8) (9) 

7P m P m P m a 1 8D X D X F X F X T n T n . 

(b) 0030 GMT observation: 

(1) (2) (3) (4) (5) (6) 

IIINV DDFww PPPTT T 8 T 8 app* C L C M C H hD c 6R c R t RR 
(7) (8) (9) 

' 7P m P m P m a 1 8D X D X F X F X T n T n R 8 T x T x . 

( c ) 0630 GMT observation: 

(1) (2) (3) (4) (5) (6) 

IIINV DDFww PPPTT T 8 T 8 app C L C M C H hD c 6R c R t RR 

(7) (8) (9) 

7P m P m P m a 1 8D X D X F X F X T X T X . 
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(d) 1230 GMT observation: 

(1) (2) (3) (4) (5) (6) 

IIINV DDFww PPPTT T 8 T 8 app C L C M C H hD c 6R c R t RR 

(7) (8) (9) 

7P m P m P m a 1 8D X D X F X F X T n T n R s T x T x . 

(2) A figure for symbol R s in group 9 of the 0030 and 1230 GMT 
observations is included only when there is snow on the ground. 

c. Identification oj code groups . — (1) The universal groups are in- 
variably: 

(а) The first four groups, IINV DDFww PPPTT T B T 8 app. 

(б) Group (9), either T n T n , or T n T n R s T x T x , or T X T X , depending upon 
the hour of the observation. This group will always be the last group. 
When there is no snow on the ground, symbol R s will be omitted from 
group T n T n R s T x T x . 

(2) The supplemental groups: 

(а) C L C M C H hD c is the cloud group, and has no identification 
figure. When it appears, it is the fifth group. Presence or absence 
of this group in the report is indicated by the fourth figure N of the 
first group (IIINV). If the figure for sumbol N is 0 or 9, the cloud 
group is not included in the report. 

(б) 6R c R t RR is the precipitation- thunderstorm group and is identi- 
fied by the group designator 6 as the first figure. This group is in- 
cluded in the report only if the precipitation has occurred within a 
specified time preceding the observation. 

(c) 7P m P m P m ai is identified by the first figure of the group, a 7. 
This group is included only in reports from stations having an elevation 
of 3,000 feet or more above sea level. 

(d) 8D X D X F X F X is identified by the first figure of the group, an 8. 
This group is included in reports only when the highest 1 -minute 
velocity of the w r ind during the 6 hours preceding the observation 
exceeds 38 miles per hour, or equals or exceeds the specified verifying 
velocity of the station. 

d. Definition oj letter symbols. 



Symbol Data 

a Characteristic of barometric tendency during the 3-hour period 

ending at time of observation. (Code table 27.) 

at Characteristic of barometric tendency during the 3-hour period 

ending 3 hours preceding the time of observation. (Code 
table 27.) 

C L Form of low cloud. (Code table 17. See Circular S.) 

C M Form of middle cloud. (Code table 18. See Circular Sj 

C H Form of high cloud. (Code table 19. See Circular S.) 
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Symbo ’ -Data 

D c Direction from which cloud is moving, coded to eight points 

of the compass. (Code table 21.) 

DD Direction from which wind is blowing, coded to 16 points of 

the compass. (Code table 22.) 

D,D k Direction of highest wind during the 6 hours preceding the 

time of observation; coded to 16 points of the compass. 
(Code table 22.) 

F Force of wind according to the Beaufort scale, at the time of 

observation. (Code table 23a.) 

F,F, Highest 1-minute wind velocity observed during the 6 hours. 

• The group in which this appears is sent only when any 
l-minute velocity exceeds 38 miles per hour or exceeds the 
specified verifying velocity of a station. The code is in 
miles per hour. 

h Lowest height above the ground at which the total cloudiness 

present covers more than five-tenths of the sky, otherwise 
known as the ceiling. (Code table 20.) Ceiling values are 
reported up to and including 9,750 feet. For the code, a 
ceiling over 9,750 feet is called unlimited, and is indicated by 
figure 9. 

Ill Index number which identifies the station. 

N Total amount of sky covered by clouds. (Code table 14.) 

pp Net amount of barometric-pressure change during the 3 hours 

preceding the time of observation; expressed in fifths of 
millibars. (Code table 29.) 

PPP Atmospheric pressure reduced to sea level in tenths of millibars, 

the hundreds digit being omitted. (Code table 30.) 

Pm Pm Pm Atmospheric pressure reduced to the 5,000-foot level in tenths 

of millibars, the hundreds digit being omitted. (Code table 
31.) 

R 0 Character of precipitation or thunderstorm. (Code table 24.) 

R t 1 ime at which the thunderstorm began, or time the precipita- 

tion began or ended. (Code table 25.) 

RR Amount of precipitation in hundredths of an inch during the 

6, 12, 18, or 24 hours preceding the 1830 GMT, 0030 GMT, 
0630 GMT, and 1230 GMT observations, respectively. 

R, Depth of snow on ground at time of observation. (Code table 

26.) 

TT Temperature of the air at time of observation, in whole degrees 

Fahrenheit. 

T n T n Minimum temperature of the. air in whole degrees Fahrenheit 

during the 12, 18, or 24 hours preceding the 1230 GMT, 
1830 GMT, and 0030 GMT observations, respectively. 

• T„T b Temperature of the dew point at time of observation, in whole 

degrees Fahrenheit. 

T a T a Maximum temperature of the air in whole degrees Fahrenheit 

during the 12, 18, and 24 hours preceding the 0030 GMT, 
0630 GMT, and 1230 GMT observations, respectively. 
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Symbol Data 

V Horizontal visibility, or the greatest distance toward the 

horizon at which an object can be recognized by the unaided 
eye for what it is, or at which lights of known intensity can 
be seen at night. (Code table 15.) 
ww Weather at time of observation. (Code table 34.) 



e. Description of code elements. — (1) Station identification: symbol 
III . — III is determined by a list of index numbers assigned to each 
station. The first three figures in the first group of each report give 
the index number which identifies the name and location of the station 
where the observation was taken. Index numbers are assigned to 
various stations in a systematic manner so that the number itself 
indicates the approximate geographic position of the station. 

(a) In the United States and Canada, the numbers 200 to 299 are 
used for stations below latitude 34°, 300 to 399 between latitudes 34° 
and 37°, 400 to 499 between latitudes 37° and 40°, 500 to 599 between 
latitudes 40° and 43°, 600 to 699 between latitudes 43° and 46°, 
700 to 799 between latitudes 46° and 49°, 800 to 809 for Newfoundland 
stations, 810 to 899 between latitudes 49° and 55°, 900 to 989 for sta- 
tions above 55°, 990 to 999 for island stations in the Pacific. The 
numbers 000 to 099 are assigned to stations in the Caribbean Sea 
area and in Central America. The numbers 100 to 199 are assigned 
to stations in Mexico. 

( b ) Within each range of 100 numbers from 200 to 300, 300 to 400, 
etc., 10 divisions are made by lines running approximately north and 
south. A series of roughly rectangular areas, each containing 10 
index numbers, result from the intersections of the parallels of latitude 
just mentioned and the lines which run approximately north and south. 
These areas are termed “decade areas. ” Where there are more than 
10 stations within a decade area, in some cases a slant line has been 
substituted for the second number and the decade or second number 
of the group placed in the third digit. For example, if 620 to 629 
were assigned to stations and another station were placed in that 
decade, the index number might be 6/2. 

(c) The first digit of the three-digit index number increases going 
from south to north. The second digit of the index number increases 
going from east to west. The third digit of the index number, within 
a separate decade area, increases going from south to north, generally. 
In a few instances a station near a decade division line has been 
given an index number of an adjoining decade area. 

(d) Whenever a station is discontinued, as far as practicable its 
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index number will not be used as an index number for another station 
until at least 6 months have elapsed. 

(e) Coast Guard stations using the land code have index numbers 
with a slant line as the last digit of the element III. 

(2) Sky coverage: symbol N. — (a) Sky coverage is based on the total 
visible amount of cloudiness, as projected against the dome of the sky. 
compared with the amount of open sky at the time of observation. 
The amount of coverage is determined by estimation and is reported 
in tenths of coverage according to code table 14. 

(6) If no clouds are visible on account of atmospheric conditions such 
as fog, heavy snow, smoke, dust, etc., the sky will be reported as ob- 
scured by use of code figure 9. 

( c ) Figure 0 is used for symbol N when there are no clouds and the 
sky is not obscured in any way. When the sky is only partially 
obscured, the code figure that best represents the amount of sky cov- 
ered with clouds is used. 

(i d ) The amount of clouds covering the sky, represented by N, should 
not be at variance with the “ww” in group DDFww, and should be 
consistent with the cloud values represented by C L , C M , and C H , in 
group C L C M C H h Do 

(e). When darkness prevents an accurate observation of cloud data, 
and the type and direction of cloud and height of ceiling are not known, 
a slant will be used for N, and the cloud group will not be included in 
the message. When darkness prevents an accurate observation of some 
cloud data, but either the type of cloud or height of ceiling or direction 
of cloud is known, a code figure (other than 0 or 9) will be used for 
N, and the cloud group will be included in the message. 

(3) Visibility: symbol V\ — Visibility is the mean greatest distance 
toward the horizon that prominent objects, such as mountains, build- 
ings, towers, etc., can be seen and identified by the normal eye unaided 
by special optical devices. This distance must prevail over a range pf 
more than half the horizon. At night it may be determined by 
observing lights whose intensity and distance from the point of 
observation are known. 

(а) For determination of visibility during daylight hours, black or 
dark-colored objects against the sky are used. Light-colored objects 
and objects appearing against terrestrial backgrounds are not used. 
In estimating visibility from appearances of objects at a short distance, 
the observer notes the sharpness with which the checking points 
stand out. 

(б) For determination of visibility during night hours, the light 
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from airway beacons is not favored because of its great penetrating 
power. The red or green course lights of such beacons may be used. 
The best check is the intensity of moderate lights at known distances 
and intensities, and the brilliancy of stars near the horizon. For 
candle power of lights stationed at the same distances as objects used 
in the daytime, see the right-hand column of code table 15. 

(c) The appropriate code figure for V is determined by use of code 
table 15. 

(4) Direction of wind: symbols DD, D X D X . — True (not magnetic) 
directions and true (corrected) vV: 145 '' 0 coded. 

(a) Wind direction refers to tne direction mm which the wind is 
coming, and is always coded to 16 points of the compass, each point 
having an even number beginning with north-northeast as “2” and 
ending with north as “32.” (Code table 22.) When air has no per- 
ceptible motion (calm), code 00 for direction (symbol DD), and 0 for 
the force (symbol F.) 

(6) Where weather stations are equipped with recording registers 
but not with wind-indicating devices of flashing-light or wintac-selsyn 
type, the wind direction will be obtained from the recording register. 
In this case, intermediate directions can readily be determined by the 
frequency of the dotted record; e. g., if the north pen arm strikes at 
every recording while the west arm strikes only intermittently, the 
wind is from the north-northwest. 

(c) When the station is not equipped with wind instruments, the 
direction may be determined by observing the drift of smoke, or the 
direction in which twigs, leaves, etc., are swaying. If the station is 
located at an airport, the direction can be obtained from the wind cone 
or tee. 

( d ) DD is the wind direction at the time of observation. D X D X is the 
direction of the highest wind velocity within the 6 hours preceding the 
time of observation. 

(5) Force of wind : symbol F. — (a) True, corrected velocities are 
recorded and coded. If no wind-indicating or recording instrument is 
available, the velocity may be estimated by application of values given 
by the table of Beaufort scale. See code table 23b. 

(b) If the cups of the anemometer are not moving, or if smoke 
rises vertically, the velocity will be zero and the code figure for F will 
be 0. 

(c) When the wind force at the time of the observation exceeds force 
9, the figure 9 is coded for symbol F, and a word is added in plain 
language at the end of the message as follows: gale (for force 10); 
storm (for force 11); or hurricane (for force 12). 
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(d) The code figure for F is determined by use of code table 23a. 

(6) Force of wind; data for highest wind velocity: symbol F X F S . — 
The highest wind reported is the highest 1 -minute occurrence observed 
during the 6 hours preceding the time of observation. 

(a) Stations having automatic wind recorders will code the highest 
velocity recorded during a 1-minute period (estimated as closely as 
possible). 

(b) If a station is equipped with a one-sixtieth-mile indicating 
anemometer, the highest 1-minute velocity which occurs at any regular 
or special observation ~ ; U be coded. 

(c) Stations assigned vcl velocities” will report the highest 

wind speed whenever their specific^ erifying velocity has been reached 
or exceeded. Stations not assigned “ verifying wind velocities” will 
report highest wind speeds whenever a velocity of 39 miles per hour 
has been reached or exceeded. 

(( d ) Highest wind speeds are coded in the actual miles per hour 
observed, unless the highest wind velocity exceeds 99 miles per hour. 
In this case, the code figures 99 are used for symbol F X F X and words in 
plain language are added at the end of the message to indicate the 
actual highest velocity which occurred. Examples: “hundred 
FIFTEEN,” “HUNDRED TWENTY FOUR,” etc. 

(7) Present weather: symbol ww. — The symbol ww (code table 34) 
represents the weather at the time of the observation, except under 
certain conditions which are indicated in the code table. For correct 
coding of present weather, the observer should know the character 
of the weather which occurred during the hour prior to the time of 
observation. 

(а) Should more than one of the descriptions in the ww table be 
applicable to the weather at the time of the observation, the descrip- 
tion with the highest code number is used. 

(б) The weather represented by “ww” should not be at variance 
with other data of the report. The ww code used should have the 
same visibility limits as that given in the code for V in the first 
group, IIINV. When ww is 00, symbol N is coded 0 or 1 ; when ww 
is 01, symbol N is coded as 2, 3, or 4; when ww is 02, symbol N is 
coded as 4, 6, or 6 ; when ww is 03, symbol N is coded as 7 or 8. When 
symbol N is coded as 4 and present weather is coded as 01, the total 
amount of sky covered is five-tenths or less, and there are scattered 
clouds. (The ceiling is unlimited and coded as 9 for h.) When 
symbol N is coded as 4 and the present weather is coded as 02, the 
total amount of sky covered is more than five-tenths and the sky is 



274 



Digitized by v^ooQle 




THE WEATHER OBSERVER 



TM 1-235 
68 



broken. (There would be a ceiling value for “h” if the height of the 
lowest clouds covering more than five-tenths of the sky were less than 
9,751 feet.) 

(c) Code figures 00 to 19 inclusive are used only when no precipita-- 
tion has occurred at the station during the hour preceding the time 
of the observation. 

(d) Code figures 20 to 29, inclusive, for ww are used only when 
precipitation has occurred during the hour preceding the time of 
observation and is not occurring at the time of observation. 

(e) The code figures 20, 30, 40, 50, 60, 70, 80, and 90 (those which 
begin their particular decade groups) are general descriptions, and 
are used only when the observer is unable to determine which higher 
number in the appropriate decade group correctly describes the 
phenomena. 

(/) When precipitation is not occurring at the time of observation, 
the appropriate code figure is selected from the figures 00 to 49 
inclusive. When precipitation is occurring at the time of observation, 
the appropriate code figure is selected from the code figures 50 to 99 
inclusive. 

( g ) Observations of these phenomena are made visually without 
the aid of instruments, except where wind velocities are involved as a 
measure of intensity of the phenomena in question, in which cases an 
anemometer is used . 

(8) Symbols jor pressure elements oj the code. — (a) PPP is the atmos- 
pheric pressure corrected for instrumental errors, temperature, and 
gravity. It is then reduced to sea level. It is coded in tenths of 
millibars with the initial figure 9 or 10, which represents the hundreds 
of millibars, omitted. Code table 30 gives the pressure in inches (at 
sea level) reduced to millibars. Example: 1,025.7 millibars would be 
coded as 257 ; 984.1 millibars would be coded as 841. Station pressures 
will be based , on the mercurial-barometer readings. To reduce the 
pressure to sea level, it is not permissible to apply a given, fixed reduc- 
tion factor, i. e., an amount which must be added to the “station 
pressure” to obtain the sea -level expression, unless the station pressures 
and the actual temperature arguments, for the successive times when 
referred to the reduction table, happen to give the same value. Unless 
special instructions are given to the contrary, the temperature argu- 
ment used in the reduction of barometric pressure to sea level should be 
obtained by adding to the current dry-bulb reading the dry-bulb read- 
ing 12 hours ago, and dividing the sum by two. This average (the 
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above quotient) should be used as the basis for computing the sea- 
level pressure from the reduction tables. 

( b ) P m P m P m is the pressure of those stations having an elevation 
greater than 3,000 feet above sea level, reduced to 5,000 feet above sea 
level. (See code table 31 .) This datum is reported in tenths of milli- 
bars, with the initial figure 9 or 10, which represents the hundreds of 
millibars, omitted. 

(c) “a” is the characteristic of barometric tendency or change of the 
last 3 hours, “a/’ is the pressure characteristic of the 3-hour period 
ending 3 hours ago. (See code table 27.) The characteristic of the 
barometric tendency is determined from examination of the barograph 
trace, without making allowance for the diurnal change. If the station 
is without a barograph, or the barograph is out of order, the barometric 
tendency may be obtained from hourly readings of the mercurial 
barometer. Where this is impossible, slant lines (/) will be used for 
symbols a, ai and pp. 

( d ) “pp” is the net change of pressure during the period of 3 hours 
preceding the time of observation. This change is determined from j 
the barograph reading. It is reduced to fifths of millibars, and so 
coded, by use of code table 29. When the amount is 20 millibars or 
more, the word TWENTY is placed at the end of the message, the 
actual amount is reduced by 20 millibars, and the remainder, in fifths, 

is coded for symbol pp. Examples: A 3-hour net change is 3.4 mb. 
or .10 inch of mercury, “pp” is coded as 17 (for 17 fifths of millibars.) 

A 3-hour net change is 20.0 millibars or 0.59 inch of mercury, “pp” 
is encoded as 00, and the word twenty is placed at the end of the ] 
message.) 

(9) Temperature: symbols TT, T 8 T 8 , T n T n , and T X T X . — (a) TT is | 
the free air temperature at the time of observation. 

( b ) T 8 T 8 is the temperature of the dew point (reported only by those 
stations equipped with a psychrometer). 

(c) T n T n and T X T X will be discussed later. 

(d) All temperatures (that at the time of observation, the dew point, 
the minimum, and the maximum) are coded to the nearest whole 
degree Fahrenheit. The actual temperature is the code figure sent 
excepting: 

1. For temperatures below zero degree Fahrenheit, the number 

100 is added algebraically and the numerical sum is 
used. Examples: —15° is coded as 85; —1° is coded 
as 99. 

2. For temperatures of 100° or higher, the number 100 is sub- 
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traded from the actual temperature reading and the 
numerical result is used. Example: 107° is coded as 
07; 100° is coded as 00. 

(10) Temperatures , minimum and maximum , reported in the ninth 
group: T n T n R s T x T x . — These temperatures are reported as follows: 

(a) T n T n , minimum temperature, in the 1230 GMT report is the 
minimum during the 12 hours preceding the observation; in the 1830 
GMT report it is the minimum during the 18 hours preceding the 
observation; in the 0030 GMT report it is the minimum during the 
24 hours preceding the observation. 

( b ) T X T X , maximum temperature, in the 1230 GMT report is the 
maximum during the 24 hours preceding the observation; in the 0630 
GMT report it is the maximum during the 18 hours preceding the 
observation; in the 0030 GMT report it is the maximum during the 
12 hours preceding the observation. 

(c) Inasmuch as R g , the snow on the ground, is reported only when 
there is snow on the ground, there may be times when group T n T n R a T x T x 
will have only two or four figures, depending on the time of the 
observation. 

(11) Supplemental group jor clouds: C L C M C H hD c . — (a) It may 
sometimes happen that the first figure in the cloud group may cor- 
respond with the identification figure of another supplemental group 
(6, 7, or 8) since the cloud group does not have any special supplement 
designator. Confusion should rarely occur, for when the cloud group 
is included in a report it is always the fifth group. 

( b ) No cloud group will be sent if an N code figure of 0 or 9 is sent 
(N is the sky coverage in the first group, IIINV), if there are no clouds 
in the sky at the time of observation, or when a slant (/) is used for 
symbol N. 

(c) For low clouds, C L , the code figure used will be in agreement 

with the classification of low clouds according to Circular S, “Codes 
for Cloud Forms and States of Sky,” “The International Atlas of 
Clouds and States of Sky,” and code table 17. Low clouds are of 
two general types: Those whose mean lower level is close to the 

surface of the earth and whose mean upper level is 6,500 feet; clouds 
of vertical development whose mean lower level is 1,600 feet and whose 
mean upper level is that of C H , the high clouds. When there are 
no lower clouds, but there are either middle or high clouds, or both 
middle and high clouds, C L will be coded as 0. 

(d) For middle clouds, C M , the code figure used will be in agreement 
with the classification of middle clouds according to Circular S, “ Codes 
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for Cloud Forms and States of Sky,” “The International Atlas and 
States of Sky,” and code table 18. Middle clouds have a mean lower 
level of 6,500 feet and a mean upper level of 20,000 feet. When 
there are no middle clouds visible (there may be some above a con- 
tinuous layer of low clouds), and there are either low or high, or both 
low and high clouds, 0 is coded for Cm. 

(e) For high clouds, C H , the code figure used will be in agreement with 
the two classification books named above and with code table 19. 
High clouds have a mean lower level of 20,000 feet. When there are 
no high clouds visible, but there are other clouds, 0 will be coded 
for C H - (There may be high clouds which are hidden by a con- 
tinuous layer of low or middle clouds, but the high clouds are coded 
as 0.) 

( f ) Ceiling, h, is the height in feet of the lowest level at which 
total cloudiness (as projected against the entire dome of the sky) 
between earth’s surface at the station and that level covers more 
than one-halt the entire area of the sky; except that in the presence 
of heavy precipitation, dense fog, or other conditions which prevent 
the observer from seeing any cloudiness that may be present, the 
ceiling will be zero, that is, at the* surface. If the ceiling is 10,000 
feet or more, it is considered “unlimited” for the purpose of coding 
and decoding regular coded weather reports. Ceiling values will 
be reported to the nearest 100 feet up to 5,000. Above 5,000 feet, 
the height will be reported to the nearest 500 feet up to 9,751 feet, 
above the station when the total cloudiness below 9, 751 feet 
above the station covers over five-tenths of the sky. Ceiling values 
will be coded according to code table 20. 

(g) For cloud direction, D c , when the direction cannot be deter- 
mined at the time of observation but has been determined within 1 
hour preceding, the figure for the previously determined direction is 
used. When motion is so slow that a true direction cannot be de- 
termined, or when cloud direction is variable, code figure 0 is used. 
When the direction is unknown, code figure 9 is used. Direction, 
or D c , refers to the direction of C M , middle cloud, whenever middle 
cloud is observed; of C H , high cloud, whenever middle cloud is not 
observed and high cloud is observed; or of C L , low cloud, whenever 
low cloud is the only form observed. Cloud direction refers to the 
direction from which the cloud is moving, and is coded according 
to code table 21. 

(12) Supplemental “£” group for precipitation and thunderstorms : 
6R c R t RR.—(a) This group is sent only when precipitation has 
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occurred within the precipitation measuring periods, or when thunder- 
storm has occurred. Stations not equipped with rain gages will not 
attempt to report amounts of precipitation (RR), but will use the 
appropriate code figures for R c and R* and use two slants (//) for RR. 
Precipitation is measured in hundredths of inches of water equivalent. 

(b) Precipitation measuring periods for reporting precipitation in 
numerical code are as follows: In the 1230 GMT report, the total 
amount in the previous 24 hours is reported and coded for RR; in 
the 0630 GMT report, the total amount in the previous 18 hours; 
in the 0030 GMT report, the total amount in the previous 12 hours; 
and in the 1830 GMT report, the total amount in the previous 6 hours. 
Current readings at Army Air Corps stations for precipitation are 
made at 0800 LST only. 

(c) The character of the precipitation or thunderstorm which has 
occurred in the specified period preceding the time of observation is 
coded for R c according to code table 24. When only a “ trace” of 
precipitation occurs before or after a thunderstorm with no precipi- 
tation (dry thunderstorm) at the station, the code figure 9 is always 
used in preference to code figure 8 for R c . However, if the “trace” 
which occurred before a thunderstorm with no precipitation at the 
station has been reported in the previous regular report, the code 
figure 8 will be used for R c . A “trace” of precipitation, or a thunder- 
storm with no precipitation at the station, or a thunderstorm with a 
trace of precipitation at the station, that is reported in a regular 
scheduled report (and RR i $ 00), is not coded again in any following 
regular reports, unless it occurs at the time of observation. Whenever 
R c is not coded as 8, the presence of the precipitation group in the 
report indicates precipitation has occurred at the station. Whenever 
R c is coded as 8, and RR is 00, the presence of the group indicates 
no precipitation has fallen since the last previous regular observation. 
When two or more separate thunderstorms, or two or more separate 
precipitation periods, or a thunderstorm and a separate rain period 
occur in the measurement period preceding the time of observation, 
the character (R c ) of the last occurrence is coded as R c , except that 
when a thunderstorm has occurred and lias not been reported in a 
previous regular scheduled report, the code figures 8 or 9 are always 
used for R c in preference to lower figures. An appropriate code figure 
must be used for both R c and \i t whenever the precipitation- thunder- 
storm group is included in the report. 

(d) The time of the precipitation or thunderstorm, R t (code table 
25), is determined as follows: For a thunderstorm, the time refers to 



279 



Digitized by 



Google 




TM 1-235 

63 



ARMY AIR FORCES 



when the thunderstorm began; for precipitation, the time refers to 
when the precipitation began or ended. When R 0 is coded as 8 or 9, 
R t is the time the thunderstorm began. The time of precipitation, 
if any, is not sent. The first thunder heard at the station will be 
taken as the time of the thunderstorm. If R c is coded as 0 through 7, 
R t is the time precipitation began, if precipitation is falling at the 
time of observation. R t is the time the precipitation ended, if pre- 
cipitation is not falling at the time of observation. An inspection of 
the code figure for “ww” is necessary to determine whether or not 
precipitation is in progress at the time of observation. If precipita- 
tion is in progress, R t is the time that the phenomenon began. 

(i e ) The amount of precipitation, RR, is measured in hundredths 
of inches of water-equivalent during the specified period preceding 
the time of observation. When the total amount of precipitation is 
a trace, or less than .01 inch, the symbol RR is coded 00. Actual 
hundredths of inches up to 0.99 inch are coded as whole numbers for 
RR. When a thunderstorm with no precipitation at the station 
occurs, the symbol RR is coded as 00, provided less than 0.01 inch 
has fallen at any time in the measurement period preceding the ob- 
servation. There should be no confusion regarding this requirement 
because R c coded as 8 means “ thunderstorm with no precipitation at 
the station.” When the amount of precipitation is 1 inch or more, a 
plain language word, the whole inches of precipitation (ONE, TWO, 
FOUR, etc.), is placed in the message, immediately preceding the 
precipitation group. The remaining hundredths of an inch are coded 
for RR. 

(j) Examples of coding precipitation and thunderstorm: 

1. A single occurrence since the 1230 GMT observation . 



Code Data 

64742 Showers ended 6 to 12 hours ago; total 0.42 inch. 

ONE 66534 Continuous rain ended 4 to 5 hours ago; total is 

1.34 inches. 

68300 Thunderstorm with no precipitation at the 

station began 2 to 3 hours ago. Precipitation 
is “zero.” 

69835 Thunderstorm with precipitation at station began 

12 to 18 hours ago; total precipitation is 0.35 
inch. 

65200 Drizzle ended 1 to 2 hours ago; total precipitation 

is “trace.” 

2. Multiple occurrences since 1230 GMT observation . 

69319 Thunderstorm, with 0.19 precipitation at the 

station, began 2 to 3 hours ago. (In this case 
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a thunderstorm without precipitation which 
occurred 5 to 6 hours ago was not coded.) 
Total precipitation is 0.19. 

A thunderstorm with no precipitation at the 
station began 1 to 2 hours ago. (In this case 
there was not coded a thunderstorm with 0.44- 
inch precipitation which occurred 5 to 6 hours 
ago.) Total precipitation 0.44 inch. 
Intermittent rain with 0.09-inch precipitation 
ended 3 to 4 hours ago. (In this case there was 
not coded a thunderstorm with 0.03-inch pre- 
cipitation at the station which occurred more 
than 6 hours ago and which was coded in a 
previous report.) Total precipitation 0.12 
inch. 

A thunderstorm with no precipitation occurred 5 
to 6 hours ago. In this case a trace of precipi- 
tation which occurred 2 to 3 hours ago is 
accounted for by using code figure 9 in prefer- 
ence to 8 for R c . .Total is “trace.” 
Showers of 0.30-inch precipitation ended 6 to 12 
hours ago. (In this case a thunderstorm which 
occurred 12 to 18 hours ago with 0.26-inch pre- 
cipitation at the station was not coded.) Total 
amount is 0.56 inch. 

(13) Supplemental “7” group for pressure data at 5,000 feet above 
sea level: 7P ra P ra P m a 1 . — (a) This group is included only in reports from 
stations having an elevation of 3,000 feet or more above sea level. 
The supplemental designator is a “7.” The group follows immediately 
the fourth universal group, if there are no precipitation or clouds 
reported. It follows the cloud group if there is no precipitation report 
made. If there is a report of precipitation included, the supplemental 
7 group follows it directly. 

(b) P m P m P m is the barometric pressure in units and tenths of milli- 
bars corrected for instrumental error, temperature, and gravity, and 
then reduced to the 5,000-foot level above sea level. P m PmPm is 
similar to PPP and instructions are similar, except that P m PmPm is 
reduced to the 5,000-foot level and PPP is reduced to sea level. See 
(8) above, also code table 31. 

(c) ai is the pressure characteristic for the 3-hour period ending 
3 hours previous to the observation. It is determined in the same 
manner as “a,” except that for a x the characteristic is for the 3 hours 
preceding the data for “a.” See (8)(c) above. 

(14) Supplemental “8” group for excessive mind speeds: 8D X D X F X F X . 

(a) “8” is the supplemental designator. This group follows the first 
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four universal groups and any intervening supplemental groups that 
have been included in the report. The only group that follows it 
contains the data for maximum and minimum temperatures, and for 
the snow depth if that is sent. The number of figures appearing in the 
last group depends on the time of the observation and the presence 
of snow on the ground. 

(6) See (4) above, for D X D X , and (6) for F X F X . 

(c) When the highest wind velocity occurs at the time of the 
observation, the highest wind group 8D X D X F X F X is included in the 
mesage. In such cases, the coded figures for DD and D X D X are the 
same, and the coded figures for F and F X F X represent the same wind 
speeds or force. 

(15) Universal group T n T n , T X T X , T n T n T x T x , or T n T n R g T x T x — 
(a) T n T n is the minimum temperature, and T X T X is the maximum tem- 
perature, which occurred within a certain number of hours of the 
observation, depending on the time of observation. See (9) and (10) 
above, for a discussion of maximum and minimum temperatures. 

(b) R 8 is depth of snow' on the ground. (See code table 26.) When 
snow is on the ground at the time of observation, its depth is coded 
as R 8 in group T n T n R 8 T x T x and is sent only with the 0030 GMT and 
1230 GMT reports. Ice on the ground is also considered in coding R,. 
The accumulated depth of snow' and/or ice is coded regardless 
of when it occurred. When there is no snow on the ground at the time 
of the observation, the figure for symbol R 8 is omitted, and the group 
will consist of only four figures representing the minimum and maxi- 
mum temperatures. Difficulties encountered at certain stations in 
securing accurate and uniform observations of depth of snow' are 
recognized. Because “depth of snow' on the ground” is coded primarily 
for synoptic purposes, observers are not charged with errors when 
small differences between actual and coded depths occur. 

(16) Frost. — (a) Frost has no letter symbol and is indicated hi 
plain language at the end of the message by either the word light or 
heavy, whichever is appropriate. The word “killing” is not used in 
coding frosts. A word for frost is included only in the 1230 GMT 
report. 

(6) First-order stations and designated second-order stations report 
frosts which occur after vegetation has advanced sufficiently in the 
spring to be injured by frost, and thereafter until killing frosts have 
occurred in the autumn, except those stations in California, southern 
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irizona, Florida, and along the Gulf coast which report frosts through- 
ut the year. 

(17) Corrections . — Corrections of errors made in observation reports 
dll not be telegraphed on the initiative of the observer. 
j. Observations and reports by stations not on teletype circuits . — Sta- 
ions which are not on the teletype circuits and which have been desig- 
nated to do so will telegraph reports at 0430 EST, 1030 EST, 1630 
CST, and 2230 EST using the data: IIINV DDFww PPPTT 
F 8 T s app ClCmChIiDc 6R c R t . The group 6R c R t will be sent only 
vhen precipitation or a thunderstorm has occurred since the observa- 
tion taken 3 hours previously. No precipitation or thunderstorm 
within the 3 hours previous to the observation will be indicated by the 
absence of the last three-figure group. The last group will not include 
the amount of precipitation. 

g. Examples oj coded observations . — Twelve examples of coded 
reports are included herein: 

(1) Example 1 , a 1230 OMT observation: 





57667 


16502 19364 60005 


40136 76283 5870 


Code 


Symbol 


Data 


Code table 


Decoded 


576 


III 


Name of station. _ _ _ 


(Table 43) 


Lander, Wyo. 


6 


N 


Total amount of clouds _ 


(Table 14) 


9 tenths. 


7 


V 


Visibility 


(Table 15) 


6 miles. 


16 


DD 


Wind direction 


(Table 22) 


South. 


5 


F 


Wind force (Beaufort scale) 


(Table 23a) 


5. 


02 


ww 


Present weather. _ 


(Table 34) 


Cloudy. 


193 


PPP 


Pressure (sea level) 


(Table 30) 


1019.3 mb. 


64 


TT 


Temperature of air. _ . 




64° F. 


60 


T.T. 


Temperature of dew point 




60° F. 


0 


a 


Barometric tendency 


(Table 27) 


Rising then falling. 


05 


PP 


Amount (net change) of tend- 
ency. 


(Table 29) 


+ 1.0 mb. 


4 


Cl 


Form of low cloud _ _ _ _ 


(Table 17) 


Stratocumulus. 


0 


Cm 


Form of middle cloud _ _ _ . 


(Table 18) 


None. 


1 


Ch 


Form of high cloud 


(Table 19) 


Cirrus, fine. 


3 


h 


Height of ceiling 


(Table 20) 


600 to 999 feet. 


6 

7 


Dc 

7 


Direction of cloud 

Group identifying number 


(Table 21) 


West (cirrus). 


628 


PmPmPm 


Pressure (5000-foot level) 


(Table 31) 


862.8 mb. 


3 


ai 


Barometric tendency ending 3 
hours ago. 


(Table 27) 


Rising or steady; 
barometer 3 hours 
ago same as or 
higher than 6 
hours ago. 
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Code 


Symbol 


Data 


Code table 


Decoded 


58 


T.T. 


Minimum temperature 




58° F. 


70 


T.T, 


Maximum temperature _ _ 




70° F. 


Note. — T his report also indicates by the omission of particular figure groups 
that there has been absolutely no precipitation or thunderstorm in the past six 
hours, that there has been less than 0.01 inch of precipitation in the past 24 hours, 
that the highest wind velocity in the past 6 hours was less than 39 miles per hour. 
By the omission of a figure for R. in the last group the report also indicates that 
there was no snow on the ground at the time of observation. 


(2) Example II, a 1230 6MT observation: 




55318 28200 32940 28/// 00195 65711 


3650 LIGHT 


553 


III 


Name of station 


(Table 43) 


Omaha, Nebr. 


1 


N 


Total amount of clouds 


(Table 14) 


Less than 1 tenth. 


8 


V 


Visibility 


(Table 15) 


12 miles. 


28 


DD 


Wind direction 


(Table 22) 


Northwest. 


2 


F 


Wind force (Beaufort scale) 


(Table 23a) 


2. 


00 


ww 


Present weather. _ 


(Table 34) 


Clear. 


329 


PPP 


Pressure (sea level) _ 


(Table 30) 


1032.9 mb. 


40 


TT 


Temperature of air _ _ 




40° F. 


28 


T.T. 


Temperature of dew point 




28° F. 


/ 


a 


Barometric tendency. _ _ 


(Table 27) 


Barograph broken. 


u 


PP 


Amount (net change) cf ten- 


(Table 29) 


Barograph broken. 






dency. 






0 


Cl 


Form of low cloud 


(Table 17) 


None. 


0 


Cm 


Form of middle cloud 


(Table 18) 


None. 


1 


Ch 


Form of high cloud 


(Table 19) 


Cirrus fine (scarce). 


9 


h 


Height of ceiling 


(Table 20) 


Unlimited. 


5 


D c 


Direction of cloud ._ 


(Table 21) 


Southwest (cirrus). 


6 


6 


Group identifying number 






5 


R. 


Character of precipitation 


(Table 24) 


Drizzle. 


7 


R, 


Time of precipitation 


(Table 25) 


Ended 6 to 12 hours 










ago. 


11 


RR 


Amount of precipitation (hun- 




0.11 inch. 






dredths). 






36 


T.T. 


Minimum temperature 




36° F. 


50 


T.T, 


Maximum temperature 




50° F. 


LIGHT 


.Supplemental data 




Light frost. 


(3) Example III , a 1230 QMT observation: 




40743 20681 09160 58520 30045 69024 


81648 5870 


407 


III 


Name of station _ _ 


(Table 43) 


Atlantic City, N. J. 


4 


N 


Total amount of clouds. _ 


(Table 14) 


4 to 6 tenths. 


3 


V 


Visibility 


(Table 15) 


mile. 


20 


DD 


Wind direction . _ _ _ 


(Table 22) 


Southwest. 


6 


F 


Wind force (Beaufort scale) 


(Table 23a) 


6. 
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Code 


Symbol Data 


Code table 


Decoded 


81 


ww 


Present weather 


(Table 34) 


Showers (moderate 
rain) . 


091 


ppp 


Pressure (sea level) _ _ 


(Table 30) 


1009.1 mb. 


60 


TT 


Temperature of air 




.60° F. 


58 


T.T. 


Temperature of dew point 




-58° F. 


5 


a 


Barometric tendency _ _ 


(Table 27) 


Falling, then rising. 


20 


PP 


Amount (net change) of tend- 


(Table 29) 


—4.0 mb. 






ency. 






3 


Cl 


Form of low cloud 


(Table 17) 


Cumulonimbus. 


0 


Cm 


Form of middle cloud 


(Table 18) 


None. 


0 


Ch 


Form of high cloud 


(Table 19) 


None. 


4 


h 


Height of ceiling 


(Table 20) 


1,000 to 1,999. 


5 


D c 


Direction of cloud 


(Table 21) 


Southwest. 


6 


6 


Group identifying number 






9 


R. 


Character of thunderstorm 


(Table 24) 


Thunderstorm with 
rain at station. 


0 


R« 


Time thunderstorm began 


(Table 25) 


Unknown (but less 
than 6 hours ago). 


24 


RR 


Amount of precipitation (hun- . 




_0.24 inch. 






dredths) . 






8 


8 


Group identifying number 






16 


D,D, 


Direction of highest wind 


(Table 22) 


South. 


48 


FJFx 


Force of highest wind _ 




48 miles per hour. 


58 


T„T n 


Minimum temperature 




58° F. 


70 


T X T X 


Maximum temperature 




70° F. 


(4) Example IV, a 1230 OMT obsevation: 






53491 00046 11950 50703 


ONE 66820 5060 


534 


III 


Name of station 


(Table 43) 


Chicago, 111. 


9 


N 


Total amount of clouds. _ 


(Table 14) 


Sky obscured. 


1 


y 


Visibility 


(Table 15) 


150 feet. 


00 


DD 


Wind direction 


(Table 22) 


Calm. 


0 


F 


Wind force (Beaufort scale) 


(Table 23a) 


Zero. 


46 


ww 


Present weather 


(Table 34) 


Fog, sky not discern- 










ible. 


119 


PPP 


Pressure (sea level) 


(Table 30) 


1011.9 mb. 


50 


TT 


Temperature of air 




50° F. 


50 


T.T. 


Temperature of dew point 




50° F. 


7 


a 


Barometric tendency 


(Table 27) 


Unsteady. 


03 


PP 


Amount (net change) of tend- 


(Table 29) 


—0.6 mb. 






ency. 






ONE 




Whole inches of precipitation 




linch. 


6 


6 


Group identifying number 






6 


R. 


Character of precipitation 


(Table 24) 


Continuous rain. 


8 


R. 


Time precipitation ended. 


(Table 25) 


12 to 18 hours ago. 
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Code Symbol Data Code table Decoded 

20 RR Amount of precipitation (hun- 1.20 inch. 

dredths) . 

50 T n T„ Minimum temperature 50° F. 

60 T,T X Maximum temperature 60° F. 

(5) Example V, a 0630 OMT observation: 



68687 16103 19364 58108 72045 68408 76145 78 



686 


III 


Name of station 


(Table 43) 


Salmon, Idaho. 


8 


N 


Total amount of clouds 


(Table 14) 


10 tenths. 


7 


Y 


Visibility 


(Table 15) 


6 miles. 


16 


DD 


Wind direction _ 


(Table 22) 


South. 


1 


F 


Wind force (Beaufort scale) 


(Table 23a) 


1. 


03 


ww 


Present weather. _ 


(Table 34) 


Overcast. 


193 


PPP 


Pressure (sea level) _ — — 


(Table 30) 


1019.3 mb. 


64 


TT 


Temperature of air _ _ __ 




64° F. 


58 


T.T. 


Temperature of dew point 




o* 

00 

o 


1 


a 


Barometric tendency. __ __ 


(Table 27) 


Rising, then steady. 


08 


PP 


Amount (net change) of tend- 


(Table 29) 


-f 1.6 mb. 


7 


Cl 


ency. 

Form of low cloud 


(Table 17) 


Stratocumulus. 


2 


Cm 


Form of middle cloud 


(Table 18) 


Altostratus (thick). 


0 


Ch 


Form of high cloud. 


(Table 19) 


None. 


4 


h 


Height of ceiling. _ _ 


(Table 20) 


1,000 to 1,999 feet. 


5 


D c 


Direction of cloud 


(Table 21) 


Southwest (alto- 


6 


6 


Group identifying number 




stratus) . 


8 


Rc 


Character of thunderstorm 


(Table 24) 


Thunderstorm with 


4 


Rt 


Time thunderstorm began 


(Table 25) 


no rain at station. 
3 to 4 hours ago. 


08 


RR 


Amount of precipitation (hun- 




0.08 inch. 


7 

614 


7 

P u»P in P m 


dredths) . 

Group identifying number 
Pressure (5000-foot level) _ . 


(Table 31) 


861.4 mb. 


5 


ai 


Barometer tendency ending 3 


(Table 27) 


Falling, then rising; 


78 


T.T, 


hours ago. 

Maximum temperature 




barometer 3 hours 
ago lower than 
6 hours ago. 

78° F. 


(6) Example VI , a 0630 GMT observation: 






62282 


32479 12528 27420 


50038 


61724 36 


622 


III 


Name of station — 


(Table 43) 


Canton, N. Y. 


8 


N 


Total amount of clouds 


(Table 14) 


10 tenths. 


2 


V 


Visibility _ 


(Table 15) 


V% mile. 


32 


DD 


Wind direction. 


(Table 22) 


North. 


4 


F 


Wind force (Beaufort scale) ... 


(Table 


4. 
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Code 


Symbol 


Data 


Code table 


Decoded 


79 


WW 


Present weather 


... (Table 34) 


Sleeting. 


125 


PPP 


Pressure (sea level) 


___ (Table 30) 


1012.5 mb. 


28 


TT 


Temperature of air _ 




o 

00 

<N 


27 


T.T. 


Temperature of dew point 




27° F. 


4 


a 


Barometric tendency 


(Table 27) 


Falling, then rising. 


20 


PP 


Amount (net change) 


of (Table 29) 


+ 4. 0 mb. 



tendency. 



5 


Cl 


Form of low cloud, 


(Table 17) 


Stratus (or strato- 










cumulus in layer). 


0 


Cm 


Form of middle cloud 


(Table 18) 


None. 


0 


Ch 


Form of high cloud 


(Table 19) 


None. 


3 


h 


Height of ceiling _ 


(Table 20) 


600-999 feet. 


8 


Do 


Direction of cloud 


(Table 21) 


North (stratus). 


6 


6 


Group identifying number 






1 


R. 


Character of precipitation 


(Table 24) 


Sleet 


7 


R« 


Time precipitation began. 


(Table 25) 


6 to 1 2 hours ago. 


24 


RR 


Amount of precipitation (hun- 




0. 24 inch. 






dredths) . 






36 


T.T, 


Maximum temperature, _ 




36° F. 


(7) Example VII 7 an 1830 GMT observation: 








34008 30300 17382 


63803 


71 


340 


III 


Name of station, _ , 


(Table 43) 


Little Rock, Ark. 


0 


N 


Total amount of clouds 


(Table 14) 


None. 


8 


V 


Visibility _ 


(Table 15) 


12 miles. 


30 


DD 


Wind direction, 


(Table 22) 


N orth-northwest. 


3 


F 


Wind force (Beaufort scale) 


(Table 23a) 


3. 


00 


ww 


Present weather ....... 


(Table 34) 


Cloudless. 


173 


PPP 


Pressure (sea level) 


(Table 30) 


1017.3 mb. 


82 


TT 


Temperature of air 




82° F. 


63 


T.T. ' 


Temperature of dew point 




63° F. 


8 


a 


Barometric tendency 


(Table 27) 


Falling. 


03 


PP 


Amount (net change) of tend- 


(Table 29) 


— 0.6 mb. 






encv. 






71 


T T 

x n x n 


Minimum temperature 




71° F. 



Note. — This example shows the least number of figure groups possible in a 
regular message. 

( 8 ) Example VIII , an 1880 GMT observation: 



52886 28495 13258 57414 90037 69357 53 

528 III Name of station (Table 43) Buffalo, N. Y. 

8 N Total amount of clouds (Table 14) 10 tenths. 

6 V Visibility (Table 15) 2 % miles. 

28 DD Wind direction, (Table 22) Northwest. 

4 F Wind force (Beaufort scale) (Table 23a) 4. 
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Code Symbol 


Data 


Code table 


Decoded 


95 


ww 


Present weather __ 


(Table 34) 


Moderate thunder- 


132 


PPP 


Pressure (sea level) _ _ ’ 


(Table 30) 


storm (with rain). 
1013.2 mb. 


58 


TT 


Temperature of air _ _ _ 




58° F. 


57 


T.T. 


Temperature of dew point 




57° F. 


4 


a 


Barometric tendency __ _ 


(Table 27) 


Falling, then rising. 


14 


PP 


Amount (net change) of tend- 


(Table 29) 


+ 2.8 mb. 


9 


Ci 


ency. 

Form of low cloud 


(Table 17) 


Cumulonimbus and 


0 


Cm 


Form of middle* cloud 


(Table 18) 


ragged low clouds. 
None. 


0 


Ch 


Form of high cloud 


(Table 19) 


None. 


3 


h 


Height of ceiling 


(Table 20) 


600 to 999 feet. 


7 


Do 


Direction of cloud 


(Table 21) 


Northwest (Cb). 


6 

9 


6 

R, 


Group identifying number 
Character of thunderstorm 


(Table 24) 


Thunderstorm with 


3 


Rt 


Time thunderstorm began 


(Table 25) 


rain at station. 
2 to 3 hours ago. 


57 


RR 


Amount of precipitation (hun-. 




0.57 inch. 


53 


T n T n 


dredths) . 

Minimum temperature 




53° F. 



( 9 ) Example IX, an 0030 OMT observation: 



20176 26922 48973 69401 60037 FOUR 64135 82897 7177 

HURRICANE TWENTY 



201 


III 


Name of station. _ __ 


(Table 43) 


Key West, Fla. 


7 


N 


Total amount of clouds 


(Table 14) 


More than 9 tenths. 


6 


V 


Visibility __ 


(Table 15) 


2% miles. 


26 


DD 


Wind direction. 


(Table 22) 


West-northwest. 


9 


F 


Wind force (Beaufort scale). 


(Table 23a) 9 (see below). 


22 


ww 


Present weather 


(Table 34) 


Rain in last hour 
but not at time of 
observation. 


489 


PPP 


Pressure (sea level) __ 


(Table 30) 


948.9 mb. 


73 


TT 


Temperature of air _ _ _ _ 




73° F. 


69 


T.T. 


Temperature of dew point 




69° F. 


4 


a 


Barometric tendency- - 


(Table 27) 


Falling, then rising. 


01 


PP 


Amount (net change) of tendency. 


(Table 29) 


+ 20.2 mb. (see be- 
low). 


6 


Cl 


Form of low cloud _ _ _ . . 


(Table 17) 


Ragged low clouds. 


0 


Cm 


Form of middle cloud . 


(Table 18) 


None. 


0 


Ch 


Form of high cloud .... 


(Table 19) 


None. 


3 


h 


Height of ceiling 


(Table 20) 


600 to 999 feet. 


7 


D c 


Direction of cloud. 


(Table 21) 


Northwest. 


FOUR 




While inches of precipitation.. 




4 inches. 
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7ode Symbol Data Code table Decoded 

6 6 Group identifying number. 

4 R 0 Character of precipitation (Table 24) Showers. 

1 R t Time precipitation ended. __ (Table 25) Less than 1 hour 

ago. 

35 RR Amount of precipitation (hundreths) 4.35 inches. 

8 8 Group identifying number. 

28 D X D X Direction of highest wind (Table 22) Northwest. 

97 F X F X Force of highest wind 97 miles per hour. 

71 T n T n Minimum temperature 71° F. 

77 T X T X Maximum temperature 77° F. 

hurricane Supplemental data Wind at time of 

observation is of 
hurricane force. 

twenty Supplemental data Amount of pressure 

tendency (net 
change) is 20.2 
mb. 

(10) Example X , an 0030 GMT observation: 



61389 30903 25449 41317 86058 75274 83099 4953 

HUNDRED FOURTEEN 



613 III 

8 N 

9 V 

30 DD 
9 F 
03 ww 

254 PPP 
49 TT 

41 T.T. 
3 a 
17 PP 

8 C L 

6 C M 
0 C H 
5 h 
8 D c 



Name of station 

Total amount of clouds 

Visibility 

Wind direction 

Wind force (Beaufort scale) 

Present weather 

Pressure (sea level) 

Temperature of air 



ency. 

Form of low cloud 

Form of middle cloud. 
Form of high cloud. _ 

Height of ceiling 

Direction of cloud 



(Table 43) Mt. Washington, N. 
H. 

(Table 14) 10 tenths. 

(Table 15) 30 miles or more. 

(Table 22) North-northwest. 
(Table 23a) 9 (47 to 54 miles). 
(Table 34) Overcast. 

(Table 30) 1025.4 mb. 

49° F. 

41° F. 

Rising. 

+ 3.4 mb. 

(Table 17) Cumulus (large) and 
stratocumulus. 
(Table 18) Altocumulus. 

(Table 19) None. 

(Table 20) 2,000 to 2,999 feet. 

(Table 21) North (altocumulus). 



Temperature of dew point 

Barometric tendency (Table 27) 

Amount (net change) of tend- (Table 29) 



7 7 

527 P m P m P, 
4 ai 



462750 ° 



Group identifying number 

Pressure (5,000-foot level) (Table 31) 

Barometric tendency ending 3 (Table 27) 
hours ago. 

io is 289 



852.7 mb. 

Falling, then rising; 
barometer 3 hours 
ago higher than 6 
hours ago. 
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Code 


Sy rnhol 


Data 


Codt table 


Decoded 


8 

30 


s 

D X D X 


Group identifying number 
Direction of highest wind... 


(Table 22) 


N orth-northwest. 


99 


F X F X 


Force of highest wind. . 


- - - - 


(See below.) 


49 


T n T n 


Minimum temperature. 





49° F. 


53 


T X T X 


Maximum temperature 


..... 


53° F. 


hi ndred fourteen. _ _ Supplemental data. 




Highest wind in pre- 


(11) Esa 


raple XI, a 1230 GMT observation: 


ceeding 6 hours 
was 114 miles per 
hour. 


74546 i 


02501 15225 15712 


05296 


82648 19329 


745 


III 


Name of station 


(Table 43) 


Duluth, Minn. 


4 


N 


Total amount of clouds 


(Table 14) 


4 to 6 tenths. 


6 


V 


Visibility. 


(Table 15) 


2}4 miles. 


02 


DD 


Wind direction. .. . 


(Table 22) 


N orth-northeast. 


5 


F 


Wind force (Beaufort scale) 


(Table 23a) 


5. 


01 


ww 


Present weather. 


(Table 34) 


Partly cloudy. 


152 


PPP 


Pressure (sea level) _ 


(Table 30) 


1015.2 mb. 


25 


TT 


Temperature of air. _ 


— 


25° F. 


15 


TJ, 


Temperature of dew point 


... 


15° F. 


7 


a 


Barometric tendency. 


(Table 27) 


Unsteady. 


12 


!>I> 


Amount (net change) of ton- 


(Table 29) 


-2.4 mb. 


0 


C L 


dencv. 

Form of low cloud . . 


(Table 171 


None. 


5 


Cm 


Form of middle cloud 


(Table 18) 


A Itocumulus in 


2 


c„ 


Form of high cloud 


(Table 19) 


bands (increa«- 

ing). 

Cirrus, delicate, not 


9 


h 


Height of ceiling 


(Table 20) 


increasing. 

10,000 (unlimited). 


6 


Dr 


T )ireet ion of cloud 


(Table 21) 


West (altocumu- 


S 

20 


S 

D X D X 


Group identifying number 
Direction of highest wind 


(Table 22) 


lus). 

West-northwest. 


IS 


F,F. 


Force of highest wind 




48 miles per hour. 


19 


T„T„ 


Minimum temperature 




19° F. 


3 


11, 


Dept h of snow 


(Table 26) 


5.0 to 6.9 inches. 


29 


t,t, 


Maximum tempera tun' 


— 


29° F. 


(12) Example XII , a 1230 GMT observation: 




49407 06200 17330 27005 64500 


27041 


HEAVY 


194 


III 


Name of station 


(Table 43) 


San Francisco, Cal 


0 


X 


Total amount of clouds 


(Table 14) 


None. 


7 


V 


Visibility . 


(Table 15) 


6 miles. 
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Code 


Symbol 


Data 


Code table 


Decoded 


06 


DD 


Wind direction 


(Table 22) 


East-northeast. 


2 


F 


Wind force (Beaufort scale) 


(Table 23a) 


2. 


00 


ww 


Present weather _ 


(Table 34) 


Cloudless. 


173 


PPP 


Pressure (sea level) 


(Table 30) 


1017.3 mb. 


30 


TT 


Temperature of air 




30° F. 


27 


T.T, 


Temperature of dew point 




27° F. 


0 


a 


Barometric tendency. . _ ... 


(Table 27) 


Rising, then falling. 


05 


pp 


Amount (net change) of tend- 


(Table 29) 


+ 1.0 mb. 






ency. 






6 


6 


Group identifying number 






4 


R. 


Character of precipitation 


(Table 24) 


Showers (of snow). 


5 


R t 


Time precipitation ended 


(Table 25) 


4 to 5 hours ago. 


00 


RR 


Amount of precipitation 




Trace. 


27 


T„T. 


Minimum temperature _ _ 




27° F. 


0 


R. 


Depth of snow. 


(Table 26) 


Trace of snow on 



ground. 



41 T X T X Maximum temperature 41° F. 

heavy Supplemental data Heavy frost. 

64. Weather code, numerical system for Caribbean weather 
stations. — a. General . — The Caribbean weather code is constructed 
on general principles adopted by the International Meteorological 
Organization. 

(1) It is composed of two or three groups, each group being com- 
posed of five figures. Occasionally, under special circumstances, 
words in plain English or Spanish are used in addition to the numerical 
groups. 

(2) Each figure (or set of two adjacent figures) in a report represents 
a particular weather element, and has a value in accordance with a 
specified table appropriate to the particular weather element. 

(3) Stations which have not been instructed to report all three five- 
figure groups will report only the first two groups. 

(4) When absolutely no clouds are observed at the time of obser- 
vation, the third group will be omitted. 

(5) The number of figure groups in a message is never less than two 
or more than three. Under all conditions, the order of the symbols 
in a group and the order of the groups will be maintained. 

(6) Plain language words appear infrequently and are used in con- 
nection with special or unusual phenomena. Directions for the use of 
these words are given in instructions pertaining to the appropriate 
phenomena, and under instructions to follow for additional phenomena 
and special observations. 

(7) Occasionally, for reasons beyond control, an observer cannot 
supply the data provided for in the code and code tables (as in the 
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case of a broken, missing, or unserviceable instrument). In such cases 
the usual position of the data will be indicated by a character known in 
communication practices as a slant (/) and not by a numeral. 

(8) A slant (/) will not be used in cases where meteorological con- 
ditions prevent accurate information being secured, as in the case of 
an obscured sky, or where the code tables provide a proper figure to 
indicate the actual meteorological condition. 

(9) X umeral groups are usually designatedUniversal orSupplemental. 

(а) A Universal group is always included in a coded report. In the 
Caribbean code, the first two groups are designated the Universal. 

(б) A Supplemental group may or may not be included, according 
to instructions to particular stations, or according to existing meteoro- 
logical conditions. The third group is the Supplemental group. 

(c) Should it happen that all of the data for a Universal group are 
missing, that group will be represented by five slants, /////. Should 
it happen that all of the data for the Supplemental group are missing, 
that group will be omitted from the message. 

b. Symbol and group arrangement. — (1) IIwwD FPPTT 

CDcbXV. 

(2) IIwwD FPPTT. 

c. Definition of letter symbols. 



Symbol Data 

(1) First group , IIwwD. 

II Index number of the station, the first 0 of the assigned index number 

being omitted. (Code table 43.) 

ww Weather at time of observation. (Code table 34.) 

D Direction from which the wind is blowing, coded to eight points of 

the compass. (Code table 22.) 



(2) Second group , FPPTT. 



F Force of the wind in the Beaufort scale at time of observation. 

(Code table 23a. i 

PP Atmospheric pressure reduced to sea level in “whole units” of milli- 

bars, the initial 9 or 10 for “hundreds” of millibars being omitted. 
(Code table 32 . , 

TT Temperature of the air at the time of observation in whole degrees 

Fahrenheit. 



(3) Third group . CD, A .YU. 



C Form of predominating cloud. (Code table 33.) 

Dc Direction of predominating cloud. (Code table 21.) 

h Lowest height above the ground at which the total cloudiness 

present covers more than five-tenths of the sky. (Known ;.s 
the ceiling, in the United State.-.; (Code table 20.) 
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Symbol Data 

N Total amount of sky covered with clouds. (Code table 14.) 

V Horizontal visibility, or the greatest distance toward the horizon 

at which an object can be recognized by the unaided eye for what 
it is, or at which lights of known intensity can be seen at night. 
(Code table 15.) 



d. Description of code elements. — (1) Index numbers: II. — (a) Sta- 
tions in the Caribbean Sea and in Central America have assigned to 
them index numbers from 000 to 099. Drop the first figure (0) from 
the assigned index number; the last two figures are used in the coded 
reports as II. 

(6) Stations which have not been assigned index numbers use slants 
(“X” or “I”) in place of figures when coding the station identification 
symbol II or III, and precede the report with the station name spelled 
out in full. 

(c) 000 to 024 are assigned to islands south of 20° north latitude. 
025 to 049 are assigned to Cuba. 050 to 074 are assigned to islands 
north of 20° north latitude. 075 to 099 are assigned to Central 
America. 

(2) Weather: symbol uno. — (a) The symbol “ww” (code table 34) 
represents the weather at the time of observation, except under cer- 
tain conditions which are indicated in the code table. 

(b) The weather represented by ww should not be at variance with 
other data in the report. 

(c) Should more than one of the descriptions in the ww table be 
applicable to the weather at the time of observation, the description 
with the highest code number is used. 

(d) For correct coding of present weather, the observer should also 
be informed as to the character of the weather which occurred during 
the hour prior to the time of observation. 

(e) The code figures 20, 30, 40, 50, 60, 70, 80, and 90 (that begin 
their particular decade groups) are broadly descriptive and are used 
only when the observer is unable to determine which higher number 
in the appropriate decade group correctly describes the phenomena. 

(fj When precipitation is not occurring at the time of observation, 
the appropriate code figure is selected fiom the figures 00 to 49. 

( g ) When precipitation is occurring at the time of observation, the 
appropriate code figure is selected from the code figures 50 to 99, 
inclusive. 

( h ) Code figures 00 to 19, inclusive, for ww are used only when no 
precipitation has occurred at the station during the hour preceding 
the time of observation. 
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(1) Code figures 20 to 29, inclusive, for ww are used only when 
precipitation has occurred during the hour preceding the time of 
observation and is not occurring at the time of observation. 

(j) When ww is 00, symbol N is coded 0 or 1 ; when ww is 01, symbol 
N is coded 2, 3, or 4 ; when ww is 02, symbol N is coded 4, 5, or 6 ; when 
ww is 03, symbol N is coded 7 or 8. When symbol N is coded as 4 and 
present weather is coded as 01, the total amount of sky covered 
is five-tenths or less (scattered clouds). When symbol N is coded as 4 
and present weather is coded as 02, the total amount of sky covered 
is more than five- tenths (broken sky coverage). 

e. Wind: symbols D and F. — (1) Symbol D, direction of wind. — (a) 
Wind direction (code table 22) refers to the direction from which the 
wind comes. 

(6) True (not magnetic) directions and true (corrected) velocities 
are coded. Wind direction is coded to eight points of the compass. 

(c) When instruments recording to eight points of the compass are 
not available, the true direction of the wind as determined by the 
eye is coded. 

(d) When the air has no perceptible motion (calm), code 0 is used 
for symbol D. 

(2) Symbol F , wind force. — (a) Wind force (code table 23a) refers 
to the code for the Beaufort scale. 

(6) When wind force at the time of the observation exceeds force 
9, the figure 9 is coded for symbol F and a word is added in plain 
language at the end of the message, as follows: gale (for force 10); 
storm (for force 11); or hurricane (for force 12). 

(c) When the air has no perceptible motion (calm), 0 is coded for F. 

f. Pressure: symbol PP , atmospheric pressure reduced to sea level . — 
Barometric pressure represented by the symbol PP is the atmospheric 
pressure corrected for index error, temperature, and gravity and re 
duced to sea level. It is coded to the nearest whole millibar with the 
initial figure 9 or 10 (representing the “hundreds” millibars) omitted. 
(See code table 32.) Examples: 1025.7 mb. is coded 26; 981.4 mb. 
is coded as 81. 

g. Temperature: symbol TT . — (1) temperatures are coded in whole 
degrees Fahrenheit, to the nearest whole degree. 

(2) For temperatures of 100° or higher, the number 100 is sub- 
tracted from the actual temperature reading, and the numerical result 
is used. Example: 107° is coded 07; 100° is coded 00; 114° is coded 
14. 

h. Clouds: symbols C , D C} h, and N. 1) Symbol C represents the 
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form of predominating cloud, according to the International Cloud 
System. (See table 33.) 

(a) When absolutely no clouds are present, the third group in the 
report will not be sent. 

(b) The form of predominating cloud is the genus which is observed 
to cover the largest portion of the sky at the time of observation. All 
species or special forms of each cloud genus will be counted in deter- 
mining the total amount of the sky covered by that genus. 

(c) When it appears that there are two or more types of clouds which 
appear to cover an equal amount of sky, the higher type should be 
reported for symbol C. 

(d) Observers should always have copies of publications illustrating 
cloud forms according to the International Cloud Atlas available 
either in pamphlet or sheet form, in order to refer to the pictures of 
the representative types of clouds when coding the type of cloud 
observed. 

(2) Symbol D c refers to the direction from which the predominant 
type of cloud is moving. (Code table 21.) 

(a) WTien the coded cloud form has more than one direction, the 
direction of the highest position of the cloud form will be used for D c - 

(b) When the motion of the coded cloud form is so slow that a 
direction cannot be determined (calm), or is variable, the code figure 
0 is used for D c . When the direction is unknown, use figure 9 for D c . 

(3) Symbol h, height of ceiling (code table 20), represents the lowest 
height above the ground at which the total cloudiness present covers 
more than five-tenths of the sky. This height is the ceiling. 

(а) Code figure 9 will be used for symbol h as follows: Whenever 
less than five-tenths of the sky is covered; whenever clouds above 
10,000 feet, in any amount, are the only clouds observed; whenever 
clouds above 10,000 feet, in any amount, are observed along with 
lower clouds which cover less than five-tenths of the sky. 

(б) Whenever the sky is five-tenths covered, or more, with clouds 
which are lower than 10,000 feet, a figure lower than 9 should be used 
for symbol h. 

(c) Code figure 0 will be used for symbol h as follows: Whenever 
dense or thick fog is present; whenever heavy rain or blowing dust or 
sand prevent observation of the sky; whenever the base of clouds 
present is less than 150 feet above the station. 

(d) Where instruments are not available, the height of the ceiling 
'rill be estimated. When ceilings are estimated and some doubt 
exists as to true height, it is believed advisable to report the lower 
rather than the higher value of the ceiling. 
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(4) Symbol N, amount of sky covered with clouds (code table 14), 
is based on the total visible amount of cloudiness, as projected against 
the dome of the sky, observed at the time of observation. The amount 
of coverage, compared with the amount of open sky, is determined by 
estimation. The amount of clouds represented by N should not be 
at variance with the present weather represented by ww in group 
IIwwD. 

i. Visibility: symbol V. — (1) Visibility (code table 15) is coded as 
the greatest distance toward the horizon at which an object can be 
recognized, by the unaided eye, for what it is, or at which light of 
known intensity can be seen at night. 

(2) When visibility is low in some directions and high in others at 
the time of observation, a code figure expressing the “average” 
visibility or prevailing visibility in all directions is used. 

(3) Each station will have a table of visibility reference points 
showing the distances of various prominent objects suitable for deter- 
mining the exact code value to be used for symbol V. This table 
should include objects suitable for determining visibility at night as 
well as by day. 

(4) For determination of visibility during daylight hours, black 
or dark-colored objects against the sky are used. Light-colored 
objects and objects appearing against terrestrial backgrounds are not 
used. 

(5) For determinations of visibility during the night, lights of 
known intensity at known distances are used wherever practicable. 
Airway beacons are not used, as they have great penetrating power and 
give values that are in excess of the standard values for symbol V. 

(6) It is desirable for synoptic purposes that observations of 
identical conditions by different observers be identical, therefore the 
proper coding of visibility is extremely important. The coded 
visibility is a measure of the transparency of the air near the surface. 
Since the absence of daylight alone does not materially affect the 
visibility, observations made by day must be comparable with those 
at night. A large daily rise and fall of the values coded for visibility 
for hours of daylight and hours of darkness should be avoided. 

j. Additional 'phenomena . — (1) When unusual weather or special 
phenomena occur which have a forecast significance, observers should 
add appropriate descriptive words in plain English or Spanish at the 
end of the message. 

(2) The type of additional data needed varies with the seasons and 
according to the locations and exposures of the various stations. The 
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supervising stations will forward to each station special instructions 
on additional data to be included when unusual meteorological 
conditions are observed. 

(3) When a tropical disturbance is known or suspected to exist in 
the general vicinity of the station, and the barometric pressure, wrind 
direction or velocity, or other local conditions are appreciably affected 
thereby, special observations will be taken and forwarded in the same 
manner as regular observations. 

(4) Additional information sometimes of considerable value to 
forecasters includes: 

(а) Type, true direction, and velocity of clouds. Example: alto- 

stratus FROM NORTH NORTHWEST MOVING RAPIDLY. 

(б) Swell and tide data from coastal stations. Example: high 

TIDES AND MODERATE SWELL. 

(c) Barometer change in the past 3 hours. Example: minus four 

MILLIBARS LAST THREE HOURS. 

(d) Wind fluctuations in the past 2 hours. If the wind direction is 
changing in a clockwise direction, it is said to be veering. If the wind 
direction is changing in a counter-clockwise maimer, it is said to be 
backing. If the wind has been blowing steadily from the same point 
during the past 2 hours, the word steady is used. Example: wind 
veering; or wind backing. 

(e) True wind direction. When the true wind direction is inter- 
mediate between any two of the eight cardinal points and the velocity 
is above 24 miles per hour, the intermediate direction should be 
reported. The observer who reports true wind directions often 
helps the forecaster locate the center of the disturbance more accu- 
rately. Example: wind west northwest. 

(f) Actual wind velocity. When the surface velocity has reached 
75 miles or more/ words indicating true velocity in miles per hour 
should also be included. The word hurricane is always sent when 
the Beaufort scale is 12, in special as well as in regular observations. 
Example: hurricane one hundred five miles per hour. 

k. Stations using full weather code numeral system 1939 . — There are 
several stations in the Caribbean which now use the full weather 
code numeral system 1939. This can be determined by inspection. 
Stations so reporting will be decoded as is described in the section 
describing the 1939 weather numeral code. 

65. Weather code, numerical system of ships at sea. — a. 
General . — The International Code for weather reports from ships is a 
standard code to be used in reporting weather from ships designated 
to make reports. 

297 

Digitized by Google 




TM 1—235 

66 



ARMY AIR FORCES 



(1) The standard code is composed of four groups of five figures 
each known as the universal data, and additional supplemental 
groups. Every report will include at least all of the universal data. 

(2) There are three series of supplemental groups: 

(а) Three groups of five figures each. The first number of the first 
supplemental group immediately following the universal data is a 
figure “3.” The complete report will have seven groups of five 
figures each. This form is known as the “supplemental three” data. 

(б) Two groups of five figures each. The first number of the first 
supplemental group immediately following the universal data is a 
figure “6”. A complete report will have six groups. This type of a 
report is known as the “supplemental six” data. 

(c) Two groups of five figures each, the first figure being a “9.” A 
complete report will have six five-figure groups. This type of report 
is known as the “supplemental nine” data. 

b. Symbol and group arrangement. — (1) Universal data: YQLLL 

111GG DDFww PPVTT. 

(2) Supplemental-three data: YQLLL 111GG DDFww 

PPVTT 3C l C m C h N T d KD k WN h d B v 8 app. 

(3) Supplemental-six data: YQLLL 111GG DDFww PP- 
VTT 6KD k CN T d d*AWC H . 

(4) Supplemental-nine data: YQLLL 111GG DDFww 

PPVTT 9SKD k W CNN h AT d . 

c. Definition of letter symbols. 



Symbol Data 

A _ Amount and characteristic of barometric tendency expressed by a 

single figure. (Code table 28.) 

a Characteristic of barometric tendency during the 3-hour period 

ending at the time of observation. (Code table 27.) 

C Form of predominating cloud. International symbol. (Code 

table 33.) 

C L Form of low cloud. (Code table 17.) 

C M Form of middle cloud. (Code table 18.) 

C H Form of high cloud. (Code table 19.) 

DD Direction of wind. True direction of wind near the surface coded 

to 16 points of the compass. (Code table 22.) 

D k Direction, true, from which the swell is moving. (Code table 38.) 

d, Direction of ship’s course on scale 0-8. (Code table 38.) 

F Force of the wind on the Beaufort scale at the time of observation. 

Forces above 9 are reported as 9, with the actual force in a word at 
the end. (Code table 23a.) 

GG Greenwich mean time of observation, with the day beginning 

at midnight and the time reckoned from 0000 to 2400. 

K Swell in open sea. (Code table 40.) 
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Symbol Data 

£ d Combines D K and K into one symbol. See above. 

XL Latitude in degrees and tenths, the tenths being obtained by 

dividing the number of minutes by 6 and neglecting the remainder. 

11 Longitude in degrees and tenths, the tenths being obtained as for 

latitude LLL. The hundreds digit “1” is omitted when the 
longitude is greater than 99. 9°. • 

$ Total amount of sky covered with clouds. (Code table 14.) 

Amount of low cloud. (Code table 14.) 

3 P Pressure in whole millibars (initial 9 or 10 being omitted). The 

values refer to sea level and include all corrections for index 
error, temperature, and gravity. (Code table 32.) 

>p Amount of barometric tendency during the 3 hours preceding the 

time of observation expressed in units of one-fifth of a millibar. 
(Code table 29.) 

3 Octant of the globe in which the ship is located. (Code table 37.) 

3 State of the sea. (Code table 42.) 

TT Temperature of the air in whole degrees Fahrenheit. 

r d Difference between air and sea temperature. (Code table 39.) 

V Visibility, or distance at which objects can be seen in daylight 

(or at which lights can be seen at night). (Code tables 15 and 
16.) 

v 8 Speed of ship in knots. (Code table 41.) 

W Past weather. (Code table 35.) 

ww Actual weather at the time of observation. (Code table 34.) 

Y Day of the week. (Code table 36.) 



66. Mexican code for reporting meteorological conditions. — 

a. General. — (1) The morning and evening observations consist of 
one group of three figures and seven groups of five figures each. 
Occasionally words in Spanish are used to indicate supplementary 
information, such as in the case of current wind velocities over force 
nine. 

(2) The noon message consists of one group of three figures, and 
five groups of five figures each. 

b. Universal data. — (YGG) IIINV DDFww PPPTT. 

c. Supplemental data. — (1) Morning observations: (D d F d D x F x F x ) 

PmP m P m C L C M C h D c RRR (T n T n T m T m W) . 

(2) Noon observations: PmPmPmCLCM C H D c RRR. 

(3) Evening observations: Same as the morning report, except 
that the last group is changed to (T n T n T x T x W). 

d. Symbol and group arrangements oj Mexican code. — (1) 0630 
observation (90th-meridian Mexican time): (YGG) IIINV 
DDFww PPPTT (D d F d D x F x F x ) P m PmPmCLCM ChD c RRR 
(T n T n T m T m W). 

(2) 1230 observation (90th-meridian Mexican time) : (YGG) IIINV 
DDFww PPPTT P m P m P m C L C M C H D c RRR. 
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(3) 1830 observation (90th-meridian Mexican time) : (YGG) IIINV 
DDFww PPPTT (D«F a D,F,F l ) P m P m P m C L C M C H D c RRR 
(TnTnTxTjW). 

Note. — Groups shown in parentheses above are normally not retransmitted 
by the U. S. relaying station. 

e. Definition oj symbols. — Symbols III, N, V, DD, F, PPP, P m P m P m , 
C L , C M , C h , D c are defined in the same manner as for the numerical 
code for weather 1939. 



Symbol Data 

D d Direction of the prevailing wind in the last 12 hours, expressed to 

eight points of the compass. (Code table 21.) 

D x Direction of maximum wind during the last 12 hours, expressed to 

eight points of the compass.- (Code table 21.) 

F X F X Velocity of maximum wind during the last 12 hours, expressed in 

meters per second. 

GG Hour of the observation to the nearest hour on the 00-to-24-hour 

scale. Given in the 90th-meridian standard time. (Add two 
hours to reported value to get eastern war time.) 

RRR Amount of precipitation in whole millimeters; 12-hour amounts are 

reported in the 0630 and 1830 messages; 6-hour amounts are re- 
ported in the 1230 message. To convert to inches, divide the 
whole millimeters by 25.4. 

TT Temperature in whole degrees Fahrenheit at the time of observation. 



When temperature is below zero, 50 is added and the numerical 
sum is coded for TT. When the temperature is above 100°, 100 
is subtracted from actual temperature and the difference is coded 
for TT. 



T m T m Mean temperature of the preceding day. 

T u T n Minimum temperature. In the 0630 message, T n T n is for the past 

12 hours. In the 1830 message, T n T n is for the past 24 hours. 

T X T X Maximum temperature of the past 24 hours. 

W _ Past weather during the preceding 12 hours. (Code table 35.) 

ww Present weather (only the following code numbers of the complete 

ww table are used: 00, 01, 02, 03, 04, 10, 13, 17, 19, 50, 60, 70, 
80, 90, and 99). (Code table 34.) 

Y Day of the week. (Code table 36.) (Sunday is 1, Monday 2, Satur- 

day is 7, etc.) 



67. Weather code, hourly airway reports as transmitted by 
teletype and radio, or by telegraph and telephone. — a. General. — For 
those stations on an airway and those instructed to report hourly 
weather reports, at least one report will be made each hour by a 
standard teletype, radio, telegraph or telephone report. Under 
special conditions outlined in the legulations for procedure in making 
observations, special reports may be made using the standard form of 
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report. Some stations off the regular airways have special instruc- 
tions regarding the making of reports when certain meteorological 
conditions exist. 

(1) The following will govern procedure in cases of failure of 
communications: 

(а) In general, in event that the transmission of reports by radio 
or teletype is not practicable from any particular reporting station, 
due to failure of these facilities, the next hourly report following the 
breakdown will be telegraphed, using the check “WE A”, or telephoned 
collect to another station on the airway which will be designated by the 
general supervising official to receive it, and thereafter at 25 minutes 
past the hours of 1 and 7, AM and PM, EST, so long as the failure 
continues. Hourly records will be kept as usual during such periods. 
“Special” observations will be telegraphed or telephoned as required 
by conditions. Special instructions may be given individual stations 
concerning the times and manner in which reports are to be made 
when failures occur. 

(б) Stations rendering airway reports regularly by telephone or 
telegraph will follow the above procedure with regard to the entry of 
observations. 

b. Elements of hourly weather sequence code. — (1) Station designator . — 
This is to be indicated by use of the proper group of two or three 
letters representing the name of the station at which the report 
originated. These letters are assigned by the Communications 
Division of the Civil Aeronautics Administration, Federal Airways 
Service. The lists appear in the Manual of Operations for the 
Communications Division. 

(2) Classification of report. — This is to be indicated by use of one of 
the proper letters assigned for this purpose, when conditions at a 
controlled airport in a controlled zone fall within the classification 
standards. No classifying letter is sent by stations not in controlled 
zones. Air Corps weather stations will not enter the classification 
letter “C”, “N”, or “X”, unless the station has been specifically 
designated by the Weather Bureau to classify its reports. 

(3) Type of report. — This is to be indicated by the letters “SPL” 

meaning “special observation” when such a type of report is being 
transmitted. “Local extra” observations, the transmission of which 
is limited to local teletype circuits, will be indicated by “LCL”. 
Observations are divided into four classes: (a) Record- observation . — 

One record observation will be taken each hour at stations where 
teletype or radio are located during the period these facilities are 
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normally in operation. The observation shall be the one taken for 
use in the regular sequence beginning at 30 minutes past each hour. 
The observation for the report should not begin earlier than 20 
minutes before the designated time of the observation. Ordinarily 
the record observation will be taken during the 10 minutes prior to its 
being placed in the sequence, except when special data, such as 
mercurial barometer readings, pressure changes, clouds, etc., are 
observed. These may be obtained prior to the 10-minute period. 
The use of ceiling balloons also will require extra time. 

(6) Special observations . — Special observations are those taken 
when there is a marked change in weather conditions. Detailed 
instructions concerning special observations are given in instructions 
and regulations for making surface observations. 

( c ) Local extra observations . — Local extra observations shall be 
made at Army stations each 15 minutes following a “record,” “check/’ 
or “special” observation which shows a ceiling of less than 1,000 feet, 
or a visibility of less than 3 miles, or whenever hazardous weather con- 
ditions exist or are anticipated within an hour. Local extra observa- 
tions are made at Weather Bureau stations according to instructions 
given in Circular N. Local extra observations will include only the 
classification, ceiling, sky, visibility, weather, obstructions to vision, 
and remarks. The time of observation will be the time of filing the 
report, if it is filed either directly on the local teletype or interphone 
system, or by delivery to a Civil Aeronautics Administration communi- 
cations station. When it is not filed, the time will be the time of 
completion of entry on Form No. 94. When an observation indicates 
a change from the reported values in the last “record” or “special” 
observation, and this change warrants a “special” report, a special 
report shall be filed and reported accord ing to instructions for special 
reports. When a special observation is requested by an army or air 
line dispatcher, official, etc., and conditions do not warrant making 
a special observation, or if it is not the proper time to take a record 
observation, that observation shall be classified as a “local extra” and 
will be noted as LCL, not SPL. 

(< l ) Check observations . — These are comparisons by actual obser- 
vation of the present existing values of ceiling, sky, visibility, weather, 
obstructions to vision, wind, and altimeter setting with the last report, 
to ascertain if there has been a change in the weather conditions. A 
check observation is not reported by teletype. If a change has taken 
place, necessary changes must be made in the next report, or a special 
report must be made if the meteorological conditions warrant that 
report. 
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(e) Record special . — In preparing the record observation report for 
transmission, the time of observation and the type of report are 
omitted. However, if conditions exist such that a special observation 
would have been necessary and a special report made, the record 
observation will be termed a “record special/ ” and will be designated 
in the teletype report as “SPL.” 

(4) Time of report . — This is indicated in special and local extra 
observations only, except that it is not indicated in SPL reports which 
are sent in regular scheduled hourly sequences. The time is a group 
of figures representing the time, on the 24-hour-clock system, fol- 
lowed without space or oblique by a letter representing the time zone 
in which the station rendering the report is located, e. g., “1354E” 
indicates 1:54 PM, EST. 

(5) Ceiling. — (a) “Unlimited” ceiling is indicated by the absence 
of a symbol or figures for this element. 

( b ) The height of the ceiling up to and including 9,750 feet above 
the station is indicated by figures representing the proper number of 
hundreds of feet to and including 5,000 feet, and to the nearest 500 
feet up to and including 9,750 feet; e. g., “35” indicates 3,500 feet. 

(c) When the ceiling is zero, the figure zero (0) is to be used. 

( d ) When the ceiling height is estimated, the letter “E” for “esti- 
mated” is to be placed immediately preceding the ceiling-height 
figures. 

(e) When a ceiling balloon is blown out of sight before reaching 
the clouds, a plus sign is to be entered preceding the ceiling figures 
which represent the last observed height of the balloon. 

(/) WTien the ceiling is below 2,000 feet and is changeable with 
respect to height, this may be indicated by entering the letter “V” 
immediately following the ceiling value. For complete instructions, 
see the discussion on ceiling in section II. 

(6) Sky conditions . — (a) Sky condition when observable is to be 



indicated by the following symbols: 

Condition Symbol 

Clear Q 

Scattered clouds (few to, and including, five tenths) 0 

Broken clouds (six, to less than ten tenths) _ _ dD 

Overcast (ten tenths coverage) _ _ 0 

High scattered clouds . 0/ 

High broken clouds dD/ 

High overcast 0/ 

High overcast, lower broken clouds 0/dD 

High overcast, lower scattered clouds 0/0 

High broken, lower broken clouds dD/dD 
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Condition Symbol 

High broken, lower scattered clouds dD/0 

High scattered, lower broken clouds (D/(D 

High scattered, lower scattered clouds 0/0 

Overcast, lower broken clouds 0<D 

Overcast, lower scattered clouds 00 

Broken, lower broken clouds (D dD 

Broken, lower scattered clouds <D0 

Scattered, lower broken clouds 0(D 

Scattered, lower scattered clouds 00 



(6) A slant line following a symbol in the above table indicates that 
the clouds are 10,000 feet or more above the ground. 

(c) The plus sign (+) or minus sign (— ) preceding cloudiness 
symbols is used to indicate “dark” or “thin”, respectively. 

( d) Whenever the “scattered clouds” symbol occurs as the only 
symbol, or as the last symbol in a sky condition report, and such 
scattered clouds are less than 10,000 feet above the ground, the 
height of such scattered clouds is to be indicated by insertion of the 
proper figure or figures preceding the symbol, without space of oblique. 
The height of the scattered clouds up to and including 9,750 feet above 
the station is indicated by figures representing the proper number of 
hundreds of feet to and including 5,000 feet, and to the nearest 500 
feet up to and including 9,750 feet; e. g., “35” indicates 3,500 feet. 
The height of scattered clouds is always estimated, but the letter 
“E” is never used to indicate this fact. 

(e) When the sky condition cannot be determined, due to the pres- 
ence of dense fog, thick dust, heavy rain, heavy snow, etc., or any 
combinations of precipitation and obstructions to vision, no report 
of the sky condition, as such, will be made. The reason for the omis- 
sion in such cases will be apparent from the weather and/or obstruc- 
tions to vision reported. 

(7) Visibility . — (a) Visibility of 10 miles or more is to be indicated 
by the absence of a value for this element. If between 9 and 10 
miles, the visibility is reported as 9 miles. When the visibility is 
omitted from a report, this element is broadcast by Civil Aeronautics 
Administration radio operators as “visibility more than 9 miles” and 
should be so interpreted when reading airway weather reports. This 
interpretation in no way affects the rule that a visibility of more than 
9 miles but less than 10 will be recorded as 9 in the report. 

(6) Visibilities from zero up to but not including 10 miles are to 
be indicated by the proper figures representing the values in miles 
and/or fractions thereof. Standard visibility values are discussed 
in section II. 
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(c) If the visibility is two miles or less and is changeable or fluc- 
tuating, this may be indicated by entry of the letter “ V” immediately 
following the value. For complete instructions, see the discussion 
of visibility in section II. 

(d) Visibility is reported as 0, % %, %, % 1, ltf, 1 1%, 2, 

2/ 4 , 2%, 3, 4, 5, etc. If halfway between two values, use the smaller, 
if over halfway between two values, use the larger, except between 
9K and 10 miles. In this case use 9 miles. 

(< e ) Visibility values less than 7 miles must be explained by a 
weather element and/or obstruction to vision. 

(8) Weather . — The weather element in a report is indicated by the 
following symbols: 



Symbol 


Character 


Limits 


Vis. values reported 


R- 


Light rain 


Trace up to 0.01 inch in 6 
minutes. 




R 


Moderate rain _ __ 


Over 0.01 inch up to and 
including 0.03. inch in 6 
minutes. 




R+ 


Heavy rain 


Over 0.03 inch in 6 minutes. 




RW- 


Light rain showers 


Same as R— 




RW 


Moderate rain showers. _ 


Same as R_ 




RW + 


Heavy rain showers __ 


Same as R-f 




ZR- 


Light freezing rain 


Same as R— 




ZR 


Moderate freezing rain__ 


Same asR __ 




ZR+ 


Heavy freezing rain__ 


Same as R-f _ _ _ ... 




S- 


Light snow. 


Vis. % mi. or more _ _ 


% mi. or more 


s 


Moderate snow__ 


Vis. mi. but not % 


Yi mile 


s+ 


Heavy snow_ 


Vis. less than % 0 - - 


o, Y%, Hi H mi. 


SP- 


Light snow pellets 


Same as S— 


Same as S— 


SP 


Mod. snow pellets 


Same as S ... 


Same as S 


SP-f 


Heavy snow pellets 


Same as S-f _ . 


Same as S-f 


sw- 


Light snow showers. _ 


Same as S— _ ... 


Same as S— 


sw 


Moderate snow showers. 


Same as S _ 


Same as S 


SW-f 


Heavy snow showers 


Same as S-f 


Same as S-f 


L- 


Light drizzle. 


Vis. 1 Ya mi. or more.. 


V/a mi. or more 


L 


Moderate drizzle 


Vis. over % mi. but not \% 1 mi. 


L+ 


Heavy drizzle 


1111. 

Vis. % e but not % mi. 


Yt mile 


ZL- 


Light freezing drizzle 


Same as L— _ . 


Same as L 


ZL 


Mod. freezing drizzle 


Same asL 


Same as L 


ZL+ 


Heavy freezing drizzle 


Same as L-f _ 


Same as L-f 


E- 


Light sleet _ _ _ 


No accumulation on ground 




E 


Moderate sleet. — _ . 


Slight accumulation on 
ground. 




E+ 


Heavy sleet 


Heavy accumulation on 
ground. 




A— 


Light hail 


Same as E— 
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Symbol Character Limits Vis. values reported 

A Moderate hail - Same as E 

A -f Heavy hail - Same as E-f _. 

AP — Light small hail__ Same as E— — 

AP Moderate small hail.. Same as E — 

AP+ Heavy small hail- Same asE-b 

SQ— Mild snow squall- Wind gusts of 24 mph or 

less. 

SQ Moderate snow squall. __ Wind gusts between 24 and 

39 mph. 

SQ-f Severe snow squall Wind gusts over 39 mph. 

RQ— Mild rain squall. . Same as SQ— 

RQ Moderate rain squall Same as SQ 

RQ+ Severe rain squall Same as SQ-b 

T Thunderstorm (1) Occasional or fairly fre- 

quent flashes of light- 
ning; (2) weak to loud 
peals of thunder; (3) 
rainfall, if any, may be 
light, moderate, or pos- 
sibly heavy; (4) hail, if 
any, is light or moderate; 

(5) wind with passage of 
storm overhead or in 
close proximity does not 
exceed 40 mph; (6) tem- 
perature drop, if any, with 
passage of storm over- 
head or in immediate 
vicinity is not usually as 
pronounced as in case of 
heavy thunderstorm. 

T+ Heavy thunderstorm (1) Nearly incessant sharp 

lightning; (2) loud peals 
of almost continuous 
thunder; (3) heavy rain; 

(4) hail, if any, is light, 
moderate, or heavy; (5) 
wind, with passage of 
storm overhead or in 
close proximity, does ex- 
ceed 40 mph; (6) rapid 
temperature drop, possi- 
bly as much as 20° in 5 
mins, in connection with 
storm overhead or in 
immediate vicinity. 



tornado Always to be written out in 

full. 

Note.-— The symbols SP — , SP, and SP-f will never be interpreted as sprinkling 
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(9) Obstructions to vision . — The following symbols will be used when 
appropriate: ' 



Symbol 


Character 


Limits 


Vis. values reported 


F 


Damp haze 


Vis. 6 mi. or less 


6 mi. or less. 


F- 


Light fog 


Vis. % mi. to 6 mi 


X mi. to 6 mi., in- 
clusive. 


F 


Moderate fog 


Vis. but not % mi.__ _ 


X mi. 


F+ 


Thick fog_. 


Vis. X but not Xe mi _ - 


K, Y* mi- 


FF 


Dense fog_ _ _ _ 


Vis. less than % mi 


0, y» mi. 


GF- 


Light ground fog__ 


Same as F— _ 


Same as F— 4 


GF 


Moderate ground fog 


Same as F _ 


Same as F. 


GF-f 


Thick ground fog 


Same as F-f _ _ _ 


Same as F-f . 


GFF 


Dense ground fog _ 


Same as FF 


Same as FF. 


IF- 


Light ice fog 


Same as F— 


Same as F— . 


IF 


Moderate ice fog 


Same asF _ 


Same as F. 


IF-f 


Thick ice fog 


Same as F-f- 


Same as F-f. 


IFF 


Dense ice fog _ _ _ _ 


Same as FF_ . . _ 


Same as FF. 


H 


Hazy (dry haze) 


Vis. 6 mi. or less- . - 


6 mi. or less. 


K- 


Light smoke 


Vis. V/a mi. to 6 mi 


IX mi. to 6 mi., in- 
clusive. 


K 


Moderate smoke _ 


Vis. Y% mi. but less than l){ 
ml 

Vis. less than h /% mi 


Yaj 1 mi. 


K-f 


Thick smoke. 


0, x, X, X, X mi. 


D— 


Light dust__ _ 


Same as K— _ 


Same as K— . 


D 


Moderate dust 


Same as K _ _ 


Same as Iv. 


D+ 


Thick dust 


Same as K-f - - 


Same as K-f. 


BD- 


Light blowing dust- 


Same as K— ___ _ 


Same as K— . 


BD 


Moderate blowing dust__ 


Same as K _ _ _ 


Same as K. 


BD-f 


Thick blowing dust-- 


Same as K-f - -- 


Same as K-f. 


BN- 


Light blowing sand _ 


Same as K— _ _ 


Same as K— . 


BN 


Moderate blowing sand. _ 


Same as K 


Same as K. 


BN-f 


Thick blowing sand 


Same as K-f--- - 


Same as K + . 


BS- 


Light blowing snow. 


% mi. to 6 miles. _ 


Ya mi. to 6 mi., in- 
clusive. 


BS 


Moderate blowing snow_ 


Same as S _ 


Same as S. 


BS+ 


Thick blowing snow 


Same as S-f _ _ 


Same as S-f. 


GS- 


Light drifting snow 


Same as BS— 


Same as BS—. 


GS 


Moderate drifting snow. 


Same asS 


Same as S. 


GS-f 


Thick drifting snow 


Same as S-f __ 


Same as S-f. 



(10) Barometric pressure . — The barometric pressure is to be indicated 
by a group of three figures, the first two of which represent the tens 
and units of millibars and the last of which represents the tenths of a 
millibar involved. The hundreds digit, a 9 or 10, is omitted. Pres- 
sure is the atmospheric pressure corrected for instrumental errors, 
temperature, and gravity. It is then reduced to sea level. 

(11) Temperature . — This is to be indicated in figures giving its value 
to the nearest degree Fahrenheit. In tele typing a report for values 
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below zero, a minus sign precedes the value. In a telephone or 
telegraph report, the word “minus” is spelled out. 

(12) Dew point . — This is to be indicated in figures, giving its value 
to the nearest degree Fahrenheit. When sent, it follows the tem- 
perature and is separated therefrom by an oblique (slant mark). 
The same rule applies for negative temperatures of dew point as for 
those in reporting temperature values. 

(13) Wind. — (a) Direction . — Wind direction is to be indicated as 
follows: 



North. 

North-north east. 
Northeast. 
East-northeast. 
East. 

East-southeast. 

Southeast. 

South-southeast. 



South. 

South-sou thwest. 
Southwest. 

W est-southwest. 
West. 

W est-nor thwest. 

Northwest. 

North-northwest. 



(b) Velocity . — The velocity is to be indicated by figures representing 
its value in miles per hour. Calm is indicated by the letter “C” 
with no indication of direction. If estimated, this is to be indicated 
by the entry of the letter “E” immediately following the figures, 
without space or oblique. 

(i c ) Character . — The character of the wind is to be indicated, when 
appropriate, by entry of the following symbols immediately following 
the velocity without space or oblique; fresh gusts, “ — strong gusts, 

U | J7 

(d) Wind shifts. Wind shifts are to be indicated by entry im- 
mediately following the last element of the wind data of the report, 
by use of a direction arrow show ing the direction of wind prior to the 
shift, to eight points of the compass, followed by the local time, the 
local time zone, and an indication of the intensity by entry of minus 
or plus signs for “mild” and “severe,” respectively. Moderate wind 
shift is indicated by the absence of a plus or minus sign. 

(e) Altimeter setting . — This is to be indicated by a group of three 
figures, the first of which will represent the inch and the last two will 
represent the number of hundredths of an inch of the pressure setting 
for sensitive altimeters. When sent, it follows the wdnd element of 
the report, and is separated therefrom by an oblique (slant mark). 
No oblique line follows the altimeter setting unless followed by 
remarks or additional data. 
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(/) Remarks . — Remarks are to be entered by use of proper symbols 
and authorized abbreviations. When sent, remarks are separated 
from the preceding element by an oblique. (See section on teletype 
procedure, for authorized abbreviations to be used in remarks.) 

(14) Special 6-hourly data added to sequence-collection reports . — 
(a) The numeral group, “app(R)(R)RR” will be added to the end of 
the 0130 EST, 0730 EST, 1330 EST, and 1930 EST teletype and radio 
hourly sequence-collection reports at all hourly reporting stations 
equipped with pressure-measuring instruments and rain gage, which 
are not required to render the numerical map code reports. 

(6) The symbols “a, pp, RR” have the same connotation as for the 
International Numerical Map Code, “a” is the pressure characteris- 
tic of change during the 3 hours preceding the time of observation, 
“pp” is the amount of pressure change in fifths of millibars. “RR” 
is the amount of water-equivalent precipitation since the last 0730 
EST observation, in hundredths of inches. For excessive amounts of 
precipitation (over 0.99 inch), (R) or (R)(R) are prefixed to the 
hundredths to show units of inches as well as hundredths of an inch. 
10.52 inches would be coded as 1052. A trace will be reported only 
once as 00 for RR. If no precipitation has occurred during the 
prescribed measuring period, the group “app” is sent and the pre- 
cipitation groups are omitted. Measuring periods are: 

1330 EST observation Total in past 6 hours. 

1930 EST observation Total in past 12 hours. 

0130 EST observation Total in past 18 hours. 

0730 EST observation Total in past 24 hours. 

(c) In addition to the pressure characteristic, pressure change, and 
rainfall amount group, stations specifically designated by the general 
supervising stations will add, after the “app(R)(R)RR” group, one 
or more of the following numeral code groups of the International 
Numerical Code: ClCmChIiDc, 7P M PM?Mai, T n T n , or T X T X . At sta- 
tions designated to add the maximum temperature group T X T X or the 
minimum temperature group T n T n , the following time period covered 
by the maximum or minimum temperatures will determine the values 
to be reported : 

1330 EST observation T n T n 18-hour minimum. 

1930 EST observation T X T X 12-hour maximum. 

0130 EST observation T X T X 18-hour maximum. 

0730 EST observation T n T n 12-hour minimum. 

The meteorological significance of the code elements is the same as 
in the International Numerical Map Code. 
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Symbol Data 

Cl Type of low cloud. 

Cm Type of middle cloud. 

Ch Type of high cloud. 

h - _ Ceiling. 

Dc Direction on an eight-point scale of the middle cloud if 

there is any; or direction of the high cloud if there is no 
middle cloud; or direction of the low cloud if there are no 
middle and high clouds. 

Pm Pm Pm Pressure reduced to the 5,000-foot level above sea level. 

ai Pressure characteristic of the 3-hour period ending 3 hours 

before the time of observation. 

T„T n Minimum temperature. 

T X T X Maximum temperature. 



The additional data will be separated from the “remarks” by a slant 
line followed by a space. 

(15) Data to be added at 8-hourly periods . — (a) Special data will 
be added to radio and teletype sequence reports for 0430 EST, 
1030 EST, 1630 EST, and 2230 EST, as follows: Stations on the air- 
ways teletype or radio circuits which are equipped with pressure- 
measuring instruments will add the “app” code group representing 
the 3-hourly pressure change and characteristic. Such of these sta- 
tions as have been instructed to do so will also add the code group 
ClCmChIiDc, representing cloud data. These groups will be added 
immediately following any remarks and will be separated from the 
regular sequence report by a slant mark (/) and one space. This 
slant mark will be added to the last figure group, symbol group, or 
word, according to which occurs last in the regular report. 

(6) Stations not on the teletype circuits, which have been designated 
to do so, will telegraph reports at 0430 EST, 1030 EST, 1630 EST, 
and 2230 EST using the data for the first five groups in the Numerical 
Weather Code (the universal data and the cloud group: IIINV 
DDFww PPPTT T 8 T 8 app CxC M C H hDo) and a three-figure group 
6R c R t . The group “6R c Rt” will be sent when precipitation or a 
thunderstorm has occurred since the observation taken 3 hours 
previously. The amount of precipitation will not be included in 
this latter group, and the group 6R c R t will contain only three num- 
bers. 

c. Grouping of symbols in teletype and radio transmissions. — (1) 
Transmission of the reports in symbols by teletype or radio shall be 
in the order shown below. 

(а) Station designator (one space). 

(б) Classification letter if sent 1 (one space). 

1 Sent only by stations at controlled airports within controlled zones. 
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